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PREFACE 



TO 



THE AMERICAN EDITION 



This new volume, fh)m the pen of Hugh Milleb, is a legacy 
wholly nnlooked for by the American public. It was known to many 
of his admirers on this side of the Atlantic that he had been labor- 
ing for years on a work designed to be the magnum opus of his life 
— "The Geology of Scotland." But his untimely death, it was 
supposed, had cut short his labors, and left the work in a state so 
fhigmentaiy that his literaiy executors would not venture to publish 
it. The impression was a correct one, as related to the design of 
the author, in its magnitude and completeness. But the present 
volume supplies, to general readers, what the proposed work would 
have done for the scientific world. It gives the geological history 
of Scotland — and, with Scotland, of the world — in language intel- 
ligible to all, and with an affluence of anecdote, and incident, and 
literaiy allusion, in which Hugh Milleb was without an equal 
among the scientific writers of our century. It gives precisely what 
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a multitude of readers in this country have been longing to find — 
a rational account of the manner in which all the strata of the 
earth's crust have been formed, fh)m the foundation of unstratified 
granite and gneiss to the alluvial deposits of its surface. Scotland is 
literally taken to pieces, like a house of many stories; and one looks 
on the processes of the Divine Architect, as he would on the work 
of a human builder. The hypotheses (for they can be regarded 
only as such) are original, and curious, and plausible. Some read- 
ers may doubt their accuracy, but none will question the eminent 
ability with which they are developed. The volume will add to the 
reputation of the author, and the popularity of his writings; and 
will aid many, who have a slight acquaintance with geological science, 
to form habits of practical observation in their country rambles. 

The American Publishers have given the title of "Descriptive 
Sketches" to sundry papers which Mrs. Miller has selected from 
unpublished manuscripts of her husband, and to which, with charac- 
teristic modesty, she gave the simple name of "Appendix." They 
regarded these papers as an important part of the volume, and de- 
manding, fh)m their intrinsic merits, a distinctive title. 

Boston, Apbil, 1859. 
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Am I profiuming too mitoli on my pofiflon, bb tnvrclj tlie edEtor 
of Uie follon-ing Lectures, when I nek leave to dedicate tliem to joof It la 
nnqaeBtlDDsbly n liberty with tlie pradBctioa of Huotber wbich onlj- very peca- 
liar ciicimuliuiGeg caa it all excuse. Yet, in the preseat case, I Teaton to 
ik that liioae pecallar ciraamstaoce* do exist ; uid I feel Bisni«d he would 
Ulf pirdoD me, wboee noik thli ia, and vhoee memory yon bo mnob nvera. 
"Without your coOperRllon, I believe that neither the " Crnise of ttie Betsey " 
nor tbae pKges could by this time hare Been tha light. When inj own oyer- 
itaden brain rafuBed to do its duly, you gave me to hope, by oHbra of wel!- 
BBBuUncc, (bat the tasfc before me might still be eccompliBhiHl. Tour 
^lendly voice, often heard In looes of eympBthiiing iDqnir; nheo I wai Dsa- 



clJlld, — wu fbr a time the only sound that brought to mj heart any promlae or 
T for the fkiture. It was then, while unable to read the very cbaracteia b 
Vhiob they wero written, that I put into your hands the papers containing 
IB CniB«" and "Tea ThoBsand Miles over the Foseiliieroos DeposIIb of 
' You undertook the cdKorUl duties cosneoted witb them cm onuK, 
Id perlbrmcd your taali in a manner that leK nothing to be desited. 

During the preparation of tbe pnsent volume for (be press, you have given 
B bU the advBOtago of your ready stores of luformatiou, both hi eatefnllf 
mitinliing the tost to sec where any Bddition was required In the term of 
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notes, and in referring me to the best authorities on ererj point r^^arding 
which I consulted yon. And while so doing, 70a have confirmed mj own 
Judgment, — perhaps too liable to be swayed by partiality, — by expressing your 
conviction tliat this work is calculated to advance the reputati<m of its author. 
Long may yon be spared to be, as now, the life and soul of those scientifio 
pursuits so suocessfhlly carried on in your own district! Many a happy field- 
day may you enjoy in connection with that Society of which you are the hon- 
ored president. Would that ali associations throughout our country were as 
harmless in their methods of finding recreation, as invigorating to body and 
mind, and as beneficial in their results to the cause of science! In exploring 
the beautiful fields, and woods, and sunny slopes of Worcestershire, and Here- 
fordshire, in earnest and healthful communings with nature, and, I trust, with 
nature's God, — the perennial cprings of whose bounty are seldom quaffed in 
this manner as they ought to be,— I trust that much, much happiness is in store 
ibr you and for the other gentlemen of the Malvern Club,* to whom, as well as 
to yourself, I owe a debt of grateAil remembrance. 

And for the higher and nobler work which God has given you to do, may 

he grant you no stinted measure of his abundant grace, to enable you to per- 

ibrm it aright. 

Ever belieye me, dear Sir, 

Tours most fidthfhlly, 

LTDIA MILLEB. 



* Ths Malvern Clnb devotes itated periods,— numtfa]^, I think,— to nunblee over twenty or 
thirty miles of country, when the n«tnr«liiii of whom it ia compofed,— botanists, geolo^sts, 
etc«— carry on the researchee of their various departmenta separately, or in little groups of two 
or three, as they may derire. They all dine afterwards together at an inn, or fiurm-house, as the 
case may lie, where they relate the adventures of the day, discuss their fiivorite topics, and com- 
pere their newly-found treasures. As a consequence of this, the Malvern Museum is a perfect 
model of what a local museum ou^t to be. There is no town or district of country where a 
few young men, possessing the advantage of an occasional lioliday, might not thus associate 
tiiemselvct with the utmost advantage both to themselves and others. 
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INTRODUCTORY Rl^SUMIf 



OF THE 



PROGRESS OF GEOLOGICAL SCIENCE. 



The following Lectures, with " The Cruise of the Betsey," 
and *^ Rambles of a Greologist," are all that remain of what 
Hugh Miller once designed to be his Maximum Opus, — The 
Geology op Scotland. It is well, however, that his ma- 
terials have been so left that they can be presented to the 
public in a shape perfectly readable ; furnishing two volumes, 
each of which, it is hoped, will be found to possess in itself a 
uniform and intrinsic interest — differing in matter and man- 
ner as much as they do in the form in which they have found 
an embodiment. That form is simply the one naturally arising 
out of the circumstances of the Author's life as they occurred, 
instead of the more artificial plan designed by himself, in which 
these circumstances would probably, more or less, if riot alto- 
gether, have disappeared. Yet it may well be doubted whether 
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the natural method does not possess a charm which any more 
formal arrangement would have wanted. Every one must be 
struck with the freshness, buoyancy, and vigor displayed in the 
" Summer Rambles;" — qualities more apparent in these than 
even in his more labored Autobiography, of which they are, 
indeed, but a sort of unintentional continuation. They were 
the spontaneous utterances of a mind set free from an occu- 
pation never very congenial, — that of writing compulsory 
articles for a newspaper, — to find refreshment amid the fami- 
liar haunts in which it delighted, and to seize, with a grasp 
easy, yet powerful, on the recreation of a favorite science, as 
the artist seizes on the pencil from which he has been sepa- 
rated for a time, or the musician on some instrument much 
loved and long lost, which he well knows will, as it yields to 
him its old music, restore vigor and harmony to his entire 
being. My dear husband did, indeed, bring to his science all 
that fondness, while he found in it much of that kind of 
enjoyment, which we are wont to associate exclusively with the 
love of art. 

The delivery of these Lectures may not yet have passed 
quite away from the recollection of the Edinburgh public. 
They excited unusual interest, and awakened unusual atten- 
tion, in a city where interest in scientific matters, and attend- 
ance upon lectures of a very supei-ior order, are affairs of 
every-day occurrence. Rarely have I seen an audience so 



profoundly absorbed. And at the conclusion of tiie whole, 
when the lecturer's success had been trimnpbaatly established 
(for it must he remembered that lecturing waa to him an 
experiment made late in life), I ventured to ui^e the propriety 
of having the series published before the general interest had 
begun to subside. His reply was, " I cannot afford it. I have 
given so many of my best facts and broadest ideas, — so much, 
indeed, of what would be required to lightea the drier details 
in my ' Geology of Scotland,' — that it would never do to pub- 
lish these Lectures by themselves." It will thus be seen that I 
they veritably gather into one luminous centre the best por- 
tions of bis contemplated work, garnering very much of what 
waa most vivid in painting and original in conception, — of 
that which has now, alas! glided, with himself, into those 
Gilent shades where dwell the souls of the departed, with the 
halo of post thoaght hovering dimly round them, waiting for 
that new impulse from, the Divine Spu^it which is to quicken 
them into an intenser and higher unity. 

I have been led to Indulge the hope that this work will be 
found useful in giving to elemenlary Geology a greater attrac- 
tiveness in the eyes of the student than it has hitherto pos- 
sd. It was characteristic of the mind of its author, that he 
valued words, and even facts, as only subservient to the high 
powers of reason and imagination. It is to be regretted that 
many introductory works, especially those for the use of 
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schools, should be so crammed with scientific terms, and facts 
hard packed, and not always well chosen, that they are fitted 
to remind us of the dragon's teeth sown by Jason, which sprung 
up into armed men, — being much more likely to repel, than 
to allure into the temple of science. One might, indeed, as 
well attempt to gain an acquaintance with English literature 
solely from the study of Johnson's Dictionary, as to acquire an 
insight into the nature of Geology from puzzling over such 
books. But, viewed in the light of a mind which had ap- 
proached the subject by quite another pathway, all unconscious, 
in its outset, of the gatherings and recordings of others, and 
which never made a single step of progression in which it was* 
not guided by the light of its own genius and the inspiration 
of nature, it may be regarded by beginners in another aspect, 
— one very different from that in which Wordsworth looked 
upon it when he thanked Heaven that the covert nooks of 
nature reported not of the geologist's hands, — " the man who 
classed his splinter by some barbarous name, and hurried on." 
At that time the poet must have seen but the cold, hard profile 
of the man, instead of the broad, beaming, full-orbed glance 
which he may have cast over the wondrous aeons of the past 
eternity. 

To meet any difficulties arising from misconception, it may 
be proper to glance rapidly at what has been accomplished in 
geological research within the last two years. The reader will 
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ihna avoid the painful impression that there are any suppressed 
Ute of recent date which clash with the theories of the euc- 
teedirg Lectures, destroying their vahie and impairing their 
unity. And it may be well to remind him Ihatthere are two 
fechools of Geologj', quite at one in their willingness lo brbg 
all theories to the test of actual discovery, but widely differing 
in their leanings as to the mode in which, a priori, they would 
wish the fuels brought to light lo be viewed. The one, as 
expounded in the following Lectures, delights in the unfolding 
:of a great plan, having its original in the Divine Mind, which 
has gradually fitted the earth to be the habitation of intelligent 
beings, and has introduced upon the stage of lime organism 
after organism, rising in dignity, until all hare found their 
completion in the human nature, which, in its turn, is a 
prophecy of the spiritual and Divine. This may be said to 
e the true development hypothesis, in opposition to the felse 
■Kad puerile one, which has been discarded by all geologists 
worthy of the name, of whatsoever side. The other school 
^Ids the opinion — though, perhaps, not very decidedly — 
'that all (Lings Iiave been from the beginning as they are now ; 
■and that if evidence at the present moment leans to the aide of 
R gradual progress and a serial development, it is because so 
much remains undiscovered ; the hiatus, wherever it occure, 
■teing always in our own knowledge, and not in the actual state 
f thin^. The next score of years will probably bring the 
latter to a pretty fair decision ; for it seems impossible that, 
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if so many able workers continue to be employed as industri- 
ously as now in the same field, the remains of man and the 
higher mammals will not be found to be of all periods, if at all 
periods they existed. In the meantime, it is well to know the 
actual point to which discovery has conducted us ; and this I 
have taken every pains most carefully to ascertain. 

The Upper Ludlow rocks — the uppermost of the Silurians 
— continue to be the lowest point at which fish are found. 
Up to that period, — during the vast ages of the Cambrian, 
where only the faintest traces of animal life have been de- 
tected'^ in the shape of annelides or sand-boring worms, — 
throughout the whole range of the Silurians, where shell-fish 
and crustaceans, with inferior forms of life abounded, — no 
traces of fish, the lowest vertebrate existences until the 
latest formed beds of the Upper Silurian, have yet appeared. 
There are now six genera of fish ranked as Upper Silurian, — 
Auchenaspis, Cephalaspis, Pteraspis, Plectrodus, Onchus Mur- 
chisoni, and Sphagodus. The two latter — Onchus Murchisoni 
and Sphagodus -^ are represented by bony defences, such as 
are possessed by placoid fishes of the present day. Sir Rod- 
erick Murchison at one time entertained the idea of placing 
the Ludlow bone-bed at the base of the Old Red Sandstone ; 
but its fish having been found decidedly associated with Silu- 
rian organisms, this idea has been abandoned. 

1 See the lately published edition of Sir Roderick Murchison's " Siluria/' 
chap. ii. p. 26. 
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The next point to which public attention lioa been speciall7 
directed, is the discovery of mammals lower than iLcy liad 
iformerly appeared. Considerable misconception has arisen on 
Ihis head. The Middle Purbeck beds, i-ecently explored by 
3!d>, Beetles, in wliich various small mamniiils were found, 
occur considerably farther up than the Slonesfield elates, in 
■which the first quadruped was detected so far back aa 1818. 
But lliis discovery involves no theoretical change, inasmuch as 
all the mammalian remains of the Middle Purbecka consist of 
bmall marsupiala and inaectivora, varying in size from a rat to 
It hedgehog, with one or two doubtful species, not yet proved 
a be otherwise. The hving analogue of one very interesting 
^enus is the kangaroo ral^ which inhabits the prairies and 
scrub-jungles of Australia, feeding on plants and scratched-up 
roots. Between the English Stonesfield or Great OoHle, in 
iirhich, many years ago. Jour species of these small mammals 
vere known to exist, and the Middle Purbeck, quarried by 
1 which fourteen species are now found, there 
titervene the Oxford Clay, Coral Rag, Kimmeridge Clay, 
i'ortland Oolite, and Lower Purbeck Oolite; and then, after 
Ihe Middle Purbeck, there occurs a great hiatus throughout 

e "Weald, Green Sand, Gault, and Chalk, wherein no quad- 
rupedal remains have been found ; until at length we are 
tnlroduced, in the Tertiary, to the dawn of the grand mamnia- 
Saa period; so that nothing has occurred in this department 
1 any revolution in the ideas of those who, with my 
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husband, consider a succession and development of type to be 
the one great fixed law of geological science. The reader will 
see that in the end of Lecture Third such remains as have 
been found lower than the Tertiary are expressly recognized 
and excepted. " Save," says the author, " in the dwarf and 
inferior forms of the marsupials and insectivora, not any of the 
honest mammals have yet appeared." 

But while attaching no importance to the discoveries in the 
Middle Purbeck, except in regard of more ample numerical 
development, it is necessary to admit the evidence of marsu* 
pials having been found lower than the Stonesfield or Great 
Oolite; even so far back as the Upper Trias, the Keuper 
Sandstone of Germany, which lies at the base of the Lias. I 
must be permitted, on this point, to quote the authority of Sir 
Eoderick Murchison, as one of the safest and most cautious 
exponents of geological fact "Li that deposit," says he, 
referring to the Keuper Sandstone of Wurtemberg, "the 
relics of a solitary small marsupial mammal have been ex- 
humed, which its discoverer, Plieninger, has named Microhstes 
Antiquus. Again, Dr. Ebenezer Enmions, the well-known 
geologist, of Albany, in the United States, has described, from 
the lower beds of the Chatham Secondary Coal-field, North 
Carolina (of the same age as those of Virginia, and probably 
of the Wurtemberg Keuper), the jaws of another minute mam- 
mal, which he calls Dromotherium Sylvestre. Lastly, while I 
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^Hfrfte, Mr. C. Moore has defected in an agglomeralp ivliii'li 
! the fiBsurea of the carboniferous limestone nenr Fromr, 

■ Somersetshire, the teetli of marsupiul mammiils, one of which 
asidera to be closely reloied to the Microleatet Aiiliqiius 
of Germany, and Professor Owca confirms the fact From 
that coincidence, and aliw from the association witji other ani- 
mal remains, — tlie Placodus (a reptile of the Miiscbelkalk), 
and certain mollusca, — Mr Moore believes that these patches 

, represent the Keiiper of Germany. If this view Bhould be 

I sustained, thia author, who has already made remarkable 
additions to our acquaintance with the organic remains of the 
Oolitic rocks and the Lias, will liave had the merit of having 
-discovered the Srst traces of mammalia in any British stratum 
below the Stonesfield slates." . . , . " Let me entreat,"' 
says Sir Roderick, in a passage occurring shortly after that we 
luve quoted, "Let me entreat the reader not to be led by the 
reasoning of the ablest physiologist, or by an appeal lo minute 
structural affinities, to impugn the clear and exact facts of a 
succession from lower to higher grades of life in each forma- 
tion. Let no one imagine that because the bony characters in 
the jaw and teeth of the Plagiaulax of the Purbeck strata are 
such as tiic comparative anatomist might have expected to find 
among existing marsupials, and that the animal is, therefore, 
far removed from the embryonic archetype, such an argument 
disturbs the order of succession of classes, as seen in the crust 
of the earth." So far from disturbing the order of succession. 
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it is, we conceive, of exceeding interest to find the Mesoiasoio 
period marked in its commencement, as it most probablj will 
be found to be, bj the introduction of a form of being so 
entirely different from any that preceded it It seems to us to 
bring the true development hypothesis into a clearer and more 
harmonious unity. The great period during which the little 
annelide or sand-boring worm was the sole tenant of this wide 
earth, — its first inhabitant after the primeval void, — has 
passed. The aeon of the Mollusc and the Crustacean follows. 
At its close appear the first fishes, very scanty in point of 
numbers and of species, but multiplying into many genera, 
and swarming in countless myriads, as the Devonian ages wear 
on. Again, towards the termination of the latter, appear the 
first reptiles, which, during the Carboniferous and Permian 
eras, reign as the master-existences of creation. But Palseozic 
or ancient life passes away, and the Mesozoic or Middle period 
is marked not only by countless forms, all specifically, and 
many of them generically, new, but by another wholly un- 
known, either as genus or species, during all the past. The 
little marsupials and insectivora appear "perfect after their 
kind," and yet only the harbingers of the great mammalian 
period which is yet to come. In the volume of Creation, as 
in that of Providence, Gk)d'8 designs are wrapt in profound 
mystery until their completion. And yet in each it would 
appear that He sends a prophetic messenger to prepare the 
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way, in wlileh tlie clear-sighted eye, intent to read Hia pur- 
ises, may discern some sign of the approaching future. 

Before we proceed, we must here, on behalf of the no- 
leamed, anil therefore the more easily misled, most liumbly 
ire to reclaim against the use, on the part of men of the 
very highest standing, of the loose and dubious phraseology in 
■which ihey sometimes indulge, and which serves greatly to 
perplex, if not to lead to very erroneous conclusions. 



" In respect to no one class of animals," says Professor 

Owen, in his last Address to the British Association, " has 

lanifestation of creative force been limited to one epoch 

of time." This, translated into fact, can only mean that the 

vertebrate type had its representative in the fish of tlie earliest 

r Silurian epoch, and has continued to exist throughout all 

le epochs which succeeded it. But the difBculty lies in the 

'anslation ; lor, at first sight, the conclusion is inevilahle, to 

the general reader, that not only the lowest class of vertebrate 

existence, but also man and the higher mammals, had been 

found from the beginning, and that the highest and the lowest 

forms of being were at all periods contemporary. Ko one, 

surely, would have a. right to make such a prodigious stride in 

line of inference, on the presumption of supposed evidence 

to come. Again, Sir Charles Lyell, in his supplement to 

fifUi edition of his " Elementary Geology," says, in speak- 
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ing of these same Purbeck beds quarried hj Mr. Beckles, 
" They afford the first positive proof, as yet obtained, of the 
coexistence of a varied fauna of the highest class of vertebrata 
with that ample development of reptile life which marks the 
periods from the Trias to the Lower Cretaceous inclusive.'' 
Are marsupials and insectivora the highest class of vertebrata? 
Where, then, do the great placental mammals — where does 
man himself — take rank ? 

It were surely to be desired that some stricter and more 
invariable form of phraseology were adopted, either in acoordr 
ance with the divisions of Cuvier, or some analogous system, 
adherence to which would be clearly defined and understood. 
Why should not the words class, order, type, have as invariable 
a meaning as genera and species, which, having an application 
more limited, are seldom mistaken? We are aware that such 
terms are often used by the learned in an indefinite and trans- 

r 

latable sense, just as to the learned in languages it may be a 
matter of indifference whether the written characters which 
convey information to them be Roman, Hebrew, or Chinese. 
But it should be remembered that there is a large class outside 
which seeks to be addressed in a plain vernacular — which 
asks, first of all, definiteness in the use of terms to which prob- 
ably they have already sought to attach some fixed sense ; and 
that it is not well to unship the rudder of their thought, and 
send them back to sea again. 



Tlie next point wliich demands attention in our short resume 
is tliat great break between the Permijm and Triassic systems, 
OSS which, aa stated in the following pageSj not a single 
epecies has found its way. Much attention baa been given to 
, the great Hallstad or St. Caasian beds, which lie on ihe nortli- 
ern and southern declivities of the Austrian Alps. These beds 
belong to the Upper Trias, and they contain more genera com' 
mon to PaJiEozoic and newer rocks than were formerly known. 
There are ten genera peculiarly Triassic, (en common lo older, 
and ten to newer strata. Among tliese, the moat remarkable 
ia the Orthoceras, which was before held io be altogether 
PaJasozoic, but ia here found associated with the Ammonites 
and Belemnites of the secondary period.' The appearance of 
I .(has, with a few other fiunibar forms, serves, in our imagina- 
tion at least, to lessen the distance, and, in same small measure, 
to bridge over the chasm, between Palieozoic and Secondary 
life. And yet, considering the vast change which then passed 
over our planet, — that all specific forms died out, while new 
onea came to occupy their room, — the discovery of a few more 
connecting generic links in the rudimentary shell-alphabet, 
which serve but to show that in all changes the God of the 
past is likewise the God of the present, no more affects in 
reality this one great revolution, the completeness of which is 
marked by the very difficulty of finding, amid so much new 

1 See Sir Charlos Lyeil's " Supplement " for eorroljo ration of the forego- 
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and redundant life, a single identical specific rarietj, than the 
well-known existence of tbe Terebratula in the earliesti as well 
as in the existing seas, can efface the great groand-plan of 
successive geological eras.^ Nor does it explain the matter to 
saj that geographical changes took place, bringing with them 
the denizens of different climates, and adapted for different 
modes of life. The same Almighty Power which now pro- 
vides habitats and conditions suitable for the wants of his 
creatures, would, doubtless^ have done so during all the past 
Geographical changes are at all times indissolubly connected 
with changes in the conditions of being ; and they serve, in so 
far, to explain the rtde in the stated order of geological events, 
when a due proportion of extinct and of novel forms are found 
coexistent. But how can they explain the exception? A 
singular effect must have a singular cause. And when we 
find that there were changes relating to the world's inhabitants 
altogether singular and abnormal in their revolutionary char- 
acter, we must infer that the medial causes of which the Crea- 
tor made use were of a singular and abnormal character also. 
On this head the best-informed ought to speak with extreme 
diffidence. We can but imagine that there may have been a 
long, immeasui'able period, during which a subsidence, so to 
speak, took place in the creative energy, and during which all 
specific forms, one after another, died out, — the lull of a dying 

1 See Terebraiida, page 111. The extinct Terebratula is now called 
Rhynconella. 



creation, — and thea a renewal of tlie impulsive force from 
'that Divine Spirit which brooded over the face of ibe earliest 
; deep, producing geographical changes, more or less 
rapid, which should prepare the way for the next stage in our 
|)lanelary existence, — its new framework, an.d its fresh burden 
of vital beinga. 

The other great break in the continuity of fo5sib, which 
(ccoTH between the Chalk and the Tertiary, seems to be very 
nuch in the same conditioa with that of which we have just 
Kew connecting genera have been discovered, but 
<tili not a single identical species. Jukes, in his "Manual," 
published at the end of last year, says : "Near Muestricht, in 
Holland, the chalk, with flint, is covered by a kind of chalky 
Tock, with gray flints, over which are loose, yellowish lime- 
iStones, sometimes almost made up of fossils.'' Similar beds 
ir at Saxoe in Denmark. Together with true creta- 
|C«ous fossils, Buch as pect«a and quadricostatus, these beds 
icontain species of the genera Voluta, Fasciolaria, Cypres, 
piiva, etc, etc., several of which gesera arc also found else- 
tchere in the Tertiary rocks.'- 

Sir Roderick Murchison's late explorations in the Highlands 
f— although, of course, loral in their character — Juive made a 

donhl has, neTorthclcss, been esprcsflod wbcliit'i' [hose are not bro- 
llen-np Tertiiiriea. 
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considerable change in the Geology op Scotland. The 
next edition of the "Old Red Sandstone" will be the most fit- 
ting place to speak of these at length ; and I have some reason 
to believe that Sir Roderick himself will then favor me with a 
communication giving some account of them. Suffice it at 
present to say, that the supposed Old Red Conglomerate of the 
Western Highlands, as laid down in the year 1827 by Sir 
Roderick himself, accompanied by Professor Sedgwick, and so 
far acquiesced in by my husband, although he always wrote 
doubtfully on the subject, has now been ascertained to be, not 
Old Red, but Silurian. In Sir Roderick's last Address to the 
British Association, he says : " Professor Sedgwick and him- 
self had, thirty-one years ago, ascertained an ascending ordCT 
from gneiss, covered by quartz rocks, with limestone, into 
overlying quartzose, micaceous, and other crystalline rocks,. 
Eome of which have a gneissose character. They had also 
observed what they supposed to be an associated formation of 
red grit and sandstone ; but the exact relations of this to the 
crystalline rocks was not ascertained, owing to bad weather. 
In the meantime, they, as well as all subsequent geologists, had 
erred in believing the great and lofty masses of purple and red 
conglomerate of the western coast were of the same age as 
those on the east, and therefore ^Old Red Sandstone.' . . . 
Professor Nicol had suggested that the quartzites and lime- 
stones might be the equivalent of the Carboniferous system of 
the south of Scotland. Wholly dissenting from that hypoth- 



Biii, Iiii {Sir Itfiderick) hail urged Mr. Peach lo avail liiinself 
of liis first leisure moments to reiixsuaine tlie iossil-beil^ of 
^Durness and Aasynt, nnd the result was the discovery of lo 
many fonna of undoubted Lower Silurian chai-aclers (deter- 
mined by Mr. Salter), that the question lias been completely 
eet at rest — there being now no less than nineteen or twetily 
Bpecies of M'Lurea, Murchisoma, Cephalita, and OrtLoeerati, 
■with an Orthis, etc^ of which ten or eleven occur ia the 
liOwer Silurian rocks of North America." 

Tliis change would demand an entirely new map of the 
Geology of Scotland i for there is clearly ascertained lo be an 
ascending series from west lo east, beginning with an older or 
primitive gneiss, on which a Cambrian conglomerale, and over 
tbat again a baud containing the Silurian fossils, rest; while a 
joimger gneiss occupies a portion of the central nucleus, hav- 
ing the Old Red Sandstone eeries on the eastern side. A. 
cjiange has likewise been made in the inlemal arrangitments 
of the Old Red, of which the next edition of my husband's 
'VOrk on the subject will be the proper place to speak in detail. 
Li the meantime, I may Just mention, that the Caithness and 
.Cromarty beds have been found to occupy, not the lowest, hut 
tiie central place, — the lowest being assigned lo the Forfar- 
^ure beds, containing Ccphalaspis, associated with PteraspU, 
organism characteristically Silurian. That which bears 
it upon the subject before us, ia the now perfectly ascer- 
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toined imprint of ilie footsteps of large reptiles in the Elgl 
uppermost formation of the Oltl Ked. A sliade of doubt 
rested upon tLe discovery made many years ago by Mr. Pal 
rick Duff, of the Telerpeton Elginense, not as to die real natuii 
of the fossil, which is indisputably a sinaU hzard, but as t 
whether the stratum in which it was found belonged to th 
Old Bed, or to the formation immediately above it. It will b 
observed, however, that the existence of reptiles in the Ol 
Eed did not rest altogether upon this, because the footprint 
of large itniinals of the same class had been ascertained in th 
United States of America. 1 cannot but conceive, therefon 
that Mr. Duff, in a recent letter or paper read in Elgin, aw 
published in the Elghi and Morayshire Courier, makes to 
much of the recent discoveries in his neighborhood, when h 
asserts that the Old Ked Sandstone had been hitherto consid 
ered exclusively a Jisk formation, and that the appearance a 
reptilea is altogether novel. "Now," says he, "that the 
Bed Sandstones of Moray have acquired some celebrity, 
may not be unprofitable to trace the different stages by whii 
the discovery was arrived at of reptilian remains in that ve; 
ancient system, which till now was held to have been peopled 
no higher order of beings than ^fishes." Mr. Duff forged 
in the programme, as it may be called, given by my husl 
of the introduction of different types of animal life, as asce 
tmned in his day, reptiles are made to occupy precisely tl 
portion they do now. To refresh the memory of the readt 
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And on the following page occurs thia comment: "In the 
many-folded pagea of lie Old Red Sandstone, tiU we reach the 
highest and last, there occur the remains of no other verte- 
brates than those of thia fourth class [fishes] ; but in its upper- 
most deposits there appear traces of the third or reptilian class ; 
and in passing upwards still, through the Carboniferous, Per- 
mian, and Triassic syalems, we find reptiles continuing the 
master-existences of the time." And at page 104, express 
' allnaion is made to the Telerpelon MgineiiM, witli the doubt 
3- 
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as to the nature of its locale rery slightly touched upon.^ All 
this Mr. Duff has forgotten, apparently ; and it appears like- 
wise not to hare come within his cognizance that Sir Charles 
Ljell distinctly recognizes his Telerpeton, as well as the 
American foot-prints, and assigns both their proper places, in 
the last edition of his ^ Principles." Even in the edition before 
the hist of the *^ Siluria," almost the first thing that meets us, <m 
opening it at Chapter Tenth, which treats of the Old Bed 
Sandstone, is a print of the fossil skeleton of this same TWer- 
peton Mginense — its true place assigned to it with quite as 
much certainty as now ! These very singular lapses in memr 
ory seem not to be peculiar to Mr. Duff. I have seen it 
stated, in an anonymous article published in a widely-drciH 
lated journal,^ and in connection with the discovery of the 
Elgin reptile foot-prints, that Hugh Miller considered the Old 
Red Sandstone to have been a shoreless ocean without a tree I* 
— utterly ignoring the fact that he was himself the discoverer 
of the first Old Red fossil-wood of a coniferous character, and 

1 This doubt, I see by Sir Roderick Morchison's latest Address to the 
British Association, is not yet entirely obviated. See page 422. 

2 For this article, as an excellent specimen of its class, see page 409, 
under the head "Recent Geological Discoveries;" and, in contradistinction 
to it, the extract from Sir R. Murchison's Address ought to be careftilly 
studied. I myself had seen neither that extract, nor the recent " Siluria," 
until after this short sketch was in type,— the references to the latter hav- 
ing been introduced afterwards,— and it may be conceived with what feel- 
ings of gratification I have perused Sir Roderick's repeated assurances of 
adherence to the " Old Light." 

' Sac Contra, p. 246. 



that he tJier 



'Xprcs^ly infers the ihen exi?lpnce of vegetation 



of a high order. Is it not enough to arid to the store of 
knowledge without attempting to undermine all that has gone 
before ? Must the discovery of an additional reptile, a few 
additional Hiarsupials, be the signal for tlio immediate outcry, 
"All ia changed; the former things have passed away; all 
things have become new?" My husband was Golicilons even 
to the point of nervoaB anxiety to exclude from hia writings 
every particle of error, whether of facts, or of the conclusions 
to be drawn from them. Much rather would he never have 
written at all ihun feci himself in any degree a false teacher. 
t" Truth firet, come what may afterwards," was his invariable 
taotlo. In the same spirit, God enabling me, I liave been 

f dedroua to cnrry on the pubUcalion of his posthumous wiit- 

God forbid that one entrusted with such sacred guar- 

uanship ehould seek to pervert or Guppress a single truth, 

J or presumptive, even though its evidence were to over- 

% single hour, all his much-loved speculations — all 

i reasonings, so long cogitated, so conscientiously wrought 

^nght. Yet I must confess that I was at first startled and 
alarmed by rumors of changes and discoveries, which, I was 
lold, were to overturn at once the science of Geology as hith- 
erto received, and all the evidences which had been drawn 
from it in favor of revealed religion. Though well persuaded 
that at all times, and by the most unexpected methods, the Moat 
High is able to assert Himself, the proneness of man to make 
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use of every unoccupied position in order to maintain his 
independence of his Maker, seemed about to gain new vigor 
by acquiring a fresh vantage-ground. The old cry of the 
eternity of matter, and the " all things remain as they were 
from the beginning until now," rung in my ears. God witk 
us, in the world of science henceforth to be no more ! The 
very evidences of His being seemed about to be removed into 
a more distant and dimmer region, and a dreary swamp of 
infidelity spread onwards and backwards throughout the past 
eternity. 

Without stopping to inquire whether — although the science 
of Geology had been revolutionized — those fears were not 
altogether exaggerated, it is enough at present to know, that, 
as Geology has not been revolutionized, there is no need to 
entertain the question. I trust I have at least succeeded in 
furnishing the reader with such references — few and simple 
when we once know where to find them — as may enable him 
to decide upon this important matter for himself If I have 
learned anything in the course of the investigations which I 
have been endeavoring to make, it is to take nothing upon 
credence, but to wait patiently for all the evidence which can 
be brought to bear upon the subject before me; and this, I 
believe, is the only way to make any approximation to a cor- 
rect opinion. In truth, the science of Geology is itself in that 
condition, that no fact ought to be accepted as a basis for 



ling of a iiolld kind, until it has run the round of investi- 
I hj dm most competent authorities, and Las stood the 
est of time. It ia peculiarly subject to the cry of Lo, here ! 
1 lo, there I from false and imperfectly informed teachers ; 
I I believe the men most thoroughly to be relied on are 
I who are the slowest to theorize, the last to form a 
idgmeni, and who require the largest amount of evidence 
efore that judgment is finally pronounced, 

In addition to Uie inspection of my ever kind and generous 
friend Mr. Symonds,^ I have submitted the following pages to 
the reading of Mr. Geikie,^ of the Gleologieal Survey, who has 
_ here and there furnished a note. Of the amount and correct- 
13 of his knowledge, acquired chiefly in the field and in the 
bourse of hia professional duties, my hushand had formed the 
eat opinion. Indeed, I believe he looked upon him as ihe 
idJTidoal who would most probably be his successor as an 
Mnent of Scotti^ih Geology. One who walks, oa an aver- 
, twenty miles per day, and who has submitted nearly 
frery rood of the soil to the accurate inspection demanded by 
Qie Survey, must he one whose opinion, in all that pertains lo 
ottish Geology in especial, must be well worth the having. 
I bave to add aa expression of most gratefiil thanks to Sir 

tTJ» Rev. W. S. Symonda, aallior of "Old Stones," "Stones of the 
., and Ihe compQcr of tbe index to Che recent edition of Sir B. 
i"SilnriH." 
ft AroWbald Geikle, Esq., anthor of "The Story of a Boulder." 
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Hoderick MurchisoD, for his prompt attention to sundry appli« 
cations which I was constrained to make to him. His letters 
have been of the utmost importance in enabling me to perceive 
clearly the alterations which have taken place in our Scottish 
Geology, and the reasons for them. One feeb instantaneously 
the benefit of contact with a master-mind, A few sentences, 
a few strokes of the pen, throw more light on the subject than 
volumes from an inferior hand. 

It remains now only to explain, that this course of Lec- 
tures, as delivered before the Philosophical Institution, con- 
sisted of eight, instead of six. Those now published are com- 
plete, according to their limits, in all that relates to the facts, 
literal or picturesque, of the subject ; and the last two of the 
series will be found in " The Testimony of the Rocks," under 
the heads of " Geology in its Beaiing on the Two Theologies,'* 
and " The Mosaic Vision of Creation." J£ it had been within 
the contemplation of the author to publish the six Lectures as 
they now stand, these last two would have formed their natural 
climax or peroration. And, accordingly, I entertained some 
thought of republishing them here, in order that the reader 
might enjoy the advantage of having the whole under his eye 
at once. But, as they are not in any way necessary to the 
completion of the sense, and perhaps Geology, viewed simply 
by itself) and in the light of a popular study, is as well freed 
from extraneous matter, it was thought best, on the whole, to 



(cfer the reader who wishes to see the eight discourses in tieir 
m-igiuol coimeciion, to " The Teaiimony of tlie Eodis," 



I liave, insteai], added an Appendix of rather a novel cbsr^ 

Iq addition to the "Cruise of the Betsey," and " Ten 

'housand Miles over the Foasiiiferotia Deposits of Scotland," 

left a voliime of papers nnpublisbcd as a wLole, 

r entitled "A Tour through the Northern Counties of Scotland." 

They had, however, been largely drawn upon in vaiious other 

works ; bat, scattered throughout were passages of more or less 

value, whieh I had not met with elsewhere ; and some such, 

of the descriptive kind, I Lave culled and ari-angcd at the end 

of the Lectures : first, because I was lolh that any original 

observation from that mind which should never think again for 

the instruction of others, should be lost, and also because many 

I of those passages were of a kind which might prove suggestive 

o the student, and assist him in reasoning npon those phenom- 

B. of ordinary occurrence, without close observation of whicli 

) can ever arrive at a successful interpretation of nature. 

! reader should descry aught of repetition which has 

capcd my notice, I must crave his indulgence, in considera- 

1 of the very difficult and anluous task which God, in Ilia 

terious providence, bas allotted me. To endeavor to do by 

) writings as my husband himself would if he were yet 

■ to preserve the integrity of the test, and, in dealing 

h what is new, to bring to bear upon it the same unswerv- 
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ing rectitude of purpose in valuing and accepting eyerj iota of 
truth, whether it can be explained or not, rejecting all that is 
crude, and abhorring all that is false, — this has been my aim, 
although, alas! too conscious throughout of the comparative 
feebleness of the powers brought to bear upon it If, however, 
the reader is led to inquire for himself, I trust he will find that 
these powers, such as they are, have been used in no light or 
frivolous spirit, but with a deep, and somewhat of an adequate, 
sense of the vast importance of the subject. 

L. M. 
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LECTURE FIRST. 



— SioltlBh Ilislory of Modern Dnte 



JLlrariglnal Wooda ot Scot 
lurnBloB — How foi-med — 
—The Sand Dunes of Seft 
in them — An Old Chnrcl 
Controversy Mjfarding it— 



ineliiia of Geologic mnd Ilum 
— The Two Periods previous 
the Bronze Ago- Ueological Depoeils of tlicee Fre-liistoric rcrlad>— Tin 
iHnd — Scotch ^loHBPa coiiBcqueucea of the Itonuui 
Dfpoclts, Kntuml Rnd Artinrlsl, round BDder them 
bland — llnnwn Kemoini nnia Works of Art foand 
1 Disinterred In IB35 ea the CoaR at Coruwall— 
Aucicut Scolch Barauy underlying the SBnd— Tbs 
Old and New Coast Liuei in Sea I land — When chloflr to be Dbeerrcd — Geol- 
ogy the Soleuoc of Laadscape — Scenery of the Old and Kew Cout Unet— 
l>BtcoriheLI»ngcof Level from the Old to the NctrCosKt Line ancertuhi — 
Beyond iheUlsloric, but nithia the QuniBn reHod — Eviili^nces of llisfustin 
nmaiuaof Prim lUve Weapons and Anoient Boats— ChangFi of Level not rare 
events to the Gealogiat — Some of these enumcralcd — The Boulder-Clay — Its 
prevBleniie In the Lowlands of Scotland- IniUciileil in the Scenery of the 
Coimlry- The Scratchings on the Ilouldera accounlHl for- Trod need by the 
grating of Icebergs u-lien Scotland was submerged —Direction In which Ice- 
bcrgn fltulcd. from West to East -~ "Crag and Tall " the ESellt of it — Frobabte 
Caiue of the Wetilcrly Direction of the Carrent. 

Iir most of the conntriea of Weatem Europe, Scotland 
among the rest, geological history miiy be reganled as 
i ending where human history begins. The most ancient 
E portions of the oue piece on to the most modern portions 
l,of the other. But their line of junction is, if I may so 
I eipresa myself not an abrupt, but a shaded line ; so that, 
Ion the one hand, the human period passes so entirely into 
Itlio geologicitl, tiiitt we found ouv eonelusions respecting 
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the first hciman inhabitants rather on what they deemed 
geologic than on the ordinary historic data ; and, on the 
other hand, some of the latter and lesser geologic changes 
have taken place in periods comparatively so recent that, 
in even our own country, we are able' to catch a glimpse 
of them in the first dawn of history proper, — that written 
history in which man records the deeds of his fellows. 

In Scotland the ordinary historic materials are of no 
very ancient date. Tytler's History opens with the acces- 
sion of Alexander III., in the middle of the thirteenth 
centuiy ; the Annals of Lord Hailes commence nearly two 
centuries earlier, with the accession of Malcolm Canmore ; 
there still exist among the muniments of Durham Cathe- 
dral charters of the "gracious Duncan," written about 
the year 1035 ; and it is held by Runic scholars that the 
Anglo-Saxon inscription on the Ruthwell Cross may be 
about two centuries earlier still. But from beyond, this 
comparatively modem period in Scotland no written docu- 
ment has descended, or no native inscription decipherable 
by the antiquary. A few votive tablets and altars, let- 
tered by the legionaries of Agricola or Lollius TJrbicus, 
when engaged in laying down their long lines of wall, or 
rearing their watch-towers, represent a still remoter period ; 
and a few graphic passages in the classic pages of Tacitus 
throw a partial and fitful light on the forms and characters 
of the warlike people against which the ramparts were 
cast up, and for a time defended. But beyond th38 epoch, 
to at least the historian of the merely literary tjjj)®, or 
to the antiquary of the purely documentary one, '^all is 
darkness. "At one stride comes the dark." The j^riod 
is at once reached which we find so happily describo\d by 
Coleridge. " Antecedently to all history," says the 
" and long glimmering through it as a hazy tradition, tfliera 



prespiits itself to our imas;ination an indefinite pcrioO, 
dntuless as eternity, — a state ratber titan a timn. For 
iflveii the seDSG of succession is lost in tho uiiilbrinity of 
the stream." 

It is, however, more than probable that tiio age of Agric- 
ola holds but a midway place between tlie present time 
and the time in which Scotland first became a scene of 
human liabitation. Two great periods lind passed ere the 
period of the Roman invasion, — that earliest period now 
knowTi to the antiquary as the " stoiie age" in which the 
metals were unknown, and to which the flint arrow-head 
and the greenstone battle-axe belong ; and that after 
period known to the antiquary as the "bronze age" in 
which weapons of war and the chase were formed of & 
mixture of copper and tin. Bronze had, in the era of 
hAgricola, been supplanted among the old Caledonians by 
iron, aa stone had at an earlier era been supplanted by 
bronze; and bia legionaries were met in fight by men 
armed, much after the manner of tbeir descendants at 
Sheriflinuir and Cuilodon, with broadsword and target. 
And it is known that nearly a century and a half earlier, 
when Cffisar first crossed the Channel, the BiitonB used a 
paouey made of iron. The two earlier periods of bronze 
ind stone had come to a close in the Island ere the 
commencement of the Christian era; and our evidence 
arding them is, as I have said, properly of a geologic 
^aracter. Wo read their history in what may be termed 
^Afotsils of the antiquary. M.-in is peculiarly a tool-and- 
IreapoD-mating animal ; and bia tools and weapons repre- 
mt always the stage of civilization at which he haa 
rived. First, stone is the inaterial out of which he 
ihions his imjilements. If we except that family of man 
rbiob preserved the aboriginal civilization, there seems 



never to have been a tribe or nation that had not at o 
time recourse to this most obvious of substances for i. 
tools ouil weapons. Then comes an age in which stone ij 
supplanted, by ihe metals that occur in a native Eitute,-^ 
t. e. in a stute of ductility in the rock, — such a 
silver, and gold. Of these, copper is by much the i 
abundant; and in ail countries in which it hiis t 
ployed for tools and weapons, means have been found by fl 
piimitive workers to harden it through an admixture of 
other metals, snch as zinc and tin. Last of all, the com- 
paratively occult art of smelting iron is discovered, and 
the further art of converting it into steel; and such is 
its superiority in this form to every other metal employed 
in the fabrication of implements, that it supplants every 
other; and the battle-axe and chisel of hardened copper 
(bronze) are as certainly superseded by it as the chisel and 
the battle-axe of stone had at an eailiei- period been suj 
aeded by the bronze.' Now, it is truly wonderful 1 
thoroughly, for all general purposes, this scheme o 
fieation, which we owe to the Danish antiquary Thom 
arranges into corresponding sections and groups the I 



' la on interesting artlolo on Ireland whicli lately appeared ina 
" Scotsman " newspaper, I find it slated that for a very considorabW 
tance, " between Lough Rca and Longh Derg, the rivEr Shannon 
able at onir one point, whicb of course formed the only mediant of flj 
munlt'ation between tlie natives of tbe two banks. They seem, hom 
it Is sdiled, "to have met ollener for war than peace; and trom ibllfi 
a whole seriES or ancient warlike weapons was dug out. These w 
am now preserved in (ho fine collection of ontiqultfes in the Ma» 
Ihe Boyal Irish Academy in Dublin, aod ore partly bronjii 
Stone. Their position in the river bed told a curioua tale, both historic 
nnd geologicollv- Tho wcnpons of bronze were all found In tha » 
stratum, and below them those of stone; showing, as antiquarie* I 
know, that an age of bronze fallowed not an age of gold, but an Bi 
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Equities of a country, jtnd gives to it a legible history in 
i unrecorded by the chronicler. Witli the stone tools 
r weapons there are found aBsociatcd in our own country, 
3r instance, a ccitain style of sepulture, a certain type of 
, a certain form of human dwellings, a certain class 
F personal ornaments, certain rude log-hollowed canoes, 
ireesed standing stones, and ourionsly-poised cromleclis. 
1 bronze tool or weapon has also its associated class of 
Bsntiquities, — massive ornaments of gold, boats built of 
plank, and, as a modem shipwright would express himself 
sr-fastened, cinerary urns, — for it would seem that, 
trhile in an earlier, as in a later age, our country-folk 
juried their dead, in this middle period they committed 
ibeir bodies to the flames ; and, withal, evidences, in the 
>cca«onal productions of other countries, that commerce 
I begun to break up the death-like stagnation which 
foharacterized the earlier period, and to send through the 
Rations its circulating tides, feeble of ]}ulse and slow, but 
tnsttnct, notwithstanding, with the first life of civilization. 
f And thus we reason on the same kind of unwritten data 
g the human inhabitants of our country who lived 
during these two early stages, as that on which we reason 
regarding their contemporaries the extirpated animals, or 
their predecessors the extinct ones. The interest which 
altaclies to human history thus conducted on what may 
be termed the geologic plan is singularly great. No nation 
during its atone period possesses a literature ; nor did any 
nation, of at least Western Europe, possess a literature 
during its bronze period. Of course, witliout letters there 
can be no history; and even if a detailed history of such 
uncivilized nations did exist, what would be its value? 
"Milton did not scruple to declare," says Hume, "that the 
skirmishes of kites or crows as much merited a particular 
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narrative as the confused transactions and battles of the 
Saxon Heptarchy." But the subject rises at once in dig- 
nity and importance when, contemplating an ancient people 
through their remains, simply as men, we trace, step by 
step, the influence and character of their belief, their 
progress in the arts, the effects of invasion and conquest 
on both their minds and bodies, and, in short, the broad 
and general in their history, as opposed to the minute and 
the particular. The story of a civilized people I would 
fain study in the pages of their best and most philosophic 
historians; whereas I would prefer acquainting myself 
with that of a savage one archaeologically and in its re- 
mains. And I would appeal, in justification of the prefer- 
ence, to the great superiority in interest and value of the 
recently published " Pre-historic Annals of Scotland," by 
our accomplished townsman, Mr. Daniel "Wilson, over all 
the diffuse narrative and tedious description of all the old 
chroniclers that ever wore out life in cloister or cell. 

What may be properly regarded as the geological de- 
posits or formations of the two pre-historic periods in 
Scotland, — the period of stone and the period of bronze, 
— are morasses, sand dunes, old river estuaries, and that 
marginal strip of flat land which intervenes between the 
ancient and the existing coast lines. The remains of man 
also occur, widely scattered all over the country, in a su- 
perficial layer, composed in some localities of the drift- 
gravels, and in others of the boulder-clay; but to this 
Htratum they do not geologically belong: they lie at a 
grave's depth, and have their place in it through the prev-. 
alence of that almost instinctive feeling which led the 
patriarch of old to bury his dead out of his sight. Most 
of the mistakes, however, which would antedate the exist- 
ence of our species upon the earth, and make man coa* 



temporary with the older extinct mammals, have i-csiiUed 
from this ancient practice of inhnmatloD, or from accidents 
which have arisen out of it, 

ur Scotch morasses seem to be of comparatively 
modem origin. There are mosses in England, or at least 
buried forests, as on the Norfolk coast, at Cromer and 
Happisburgh, that are more ancient than the drift-clays 
and gravels ; whereas, so far as is yet known, there are 
none of our Scotch mosses that do not ooerlie the drift 
formations; and not a few of their number seem to have 
been formed within even the historic ages. They are the 
meraoriiils of a period, spread over many centnries, which 
began after Scotland had arisen out of the glacial ocean, 
and presented, under a softening dim ate, dearly the exist- 
Jng area, but bore, in its eontinuouH covering of forest, tlie 
'indubitable signs of a vii^n coimtry. It is remarked by 
•Humboldt, that all the eai'lier seats of civilization are bare 
and treeless. "When, in passing from our thickly foliated 
forests of oak, we cross," he says, " the Alps or the Pyr- 
oenees, and enter Italy or Spain, or when the traveller first 
'.directa his eye to some of the African coasts of the Medi- 
'ierranean, ho may be easily led to adopt the en-oneoua 
lin&rence that absence of trees is a characteristic of the 
nrsrmer climates. But he forgets," it is added, "that 
Boutfaern Europe wore a different aspect when it was first 
■colonized by Pelasgian or Carthaginian settlei-s. He for- 
Igets, too, that an earlier civilization of the human race 
8 bounds to the increase of forests ; and that nations, in 
Eb^ change-loving spirit, gradually destroy the decora- 
tfODS which rejoice our eye in the north, and which, more 
I the records of history, attest the youlhftdneas of our 
flttilization" Some of my audience miist be old enough 
> remember the last of the great abori^nal woods of 
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Scotland. It was only during the second war of the first 
French Revolution, when the northern ports of Europe 
were shut against Great Britain, that the native pine- 
woods of Rothiemurchus and the upper reaches of the 
Spey were cut down; and as late as the year 1820, I 
looked, in the upper recesses of Strathcarron, on the last 
scattered remains of one of the most celebrated of the old 
pine-forests of Ross-shire. Possibly some of the frag- 
ments of the pine-forests which skirted the western shores 
of Loch Maree may still exist ; though, when I last passed 
through it, many years ago, the axe was busy among its 
glades. It is known of some of our Scotch mosses, — the 
deposits which testify geologically to this primitive state 
of things when the country was forest-covered, — that 
they date from the times of the Roman invasion, and were 
consequences of it. The mark of the Roman axe — a 
narrow, chisel-like tool — has been detected, in many in- 
stances, on the lower tier of stumps over which the peat 
has accumulated ; and in some cases the sorely rusted axe 
itself has been found sticking in the buried tree. Among 
the tangled debris of a prostrated forest the woodman fre- 
quently mislays his tools, — a mishap to which the old 
Romans seem to have been as subject as the men of a later 
time ; and so the list of Roman utensils, coins, and arms, 
found in the mosses of the south and midland parts of 
Scotland, is in consequence a long one. " In Pousil Moss, 
near Glasgow," says Renuie, in his " Essay on Peat Moss," 
" a leathern bag containing about two hundred silver coins 
of Rome was found ; in Dundaff Moor a number of simi- 
lar coins were found; in Annan Moss, near the Roman 
Causeway, a Roman ornament of pure gold was found; a 
Roman camp-kettle was found eight feet deep under a 
moss on the estate of Ochtertyre; in Flanders Moss a 
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^niilar Titeneil was found; a Roman jug was fonnd in 

liOcher Muss, DumfricEsbii'e ; a pot and ilecantGr of Ro- 

n copper was found in a mosa in KirkBiieliael pai'isb, in 

lifae same county; and two vessels of Roman bronze In the 

)sa of Glenderhill, in Strnthaven." And thus tbe list 

18 on. It is not difficult to conceive how, in the circura- 

.nces, mosses come to be formed, Tlie Roman soldiers 

t down, in their march, wide avenues in the forests 

avougli which they passed. The felled wood was left to 

1 the surface ; small streams were choked np in tbe 

Llevels; pools formed in the hollows; the soil beneath, shut 

p from the light and the air, became unfitted to produce 

» former vegetation; but a new order of plants, tbe thick 

» water-mosses, began to spring up ; one generation budded 

and decayed over the ruins of another; and what had 

■ been an overturned forest became in the couree of years a. 

deep morass, — an unsightly but permanent monument of 

the formidable invader. 

Some of our other Scotch mosses seem to have owed 
their origin to violent hurricanes; — their under tier of 
tranka, either turned up by the roots or broken across, lie 
All one way. What may be termed their native fossils are 
•reeedingly curious. I have seen personal ornaments of 
tbe stone period, chiefly beads of large size, made out of 
S pink-colored carbonate of lime, which had been found in 
the bed of gravel on which one of our Galwegian mosses 
rested, and which intimated that the "stone period" had* 
commenced in the island ere this moss had begun to form. 
We find the same tact borne out by the Black Moss on 
the banks of the Etive, Argyleshire, where, under an aocu- 
mulation of eight feet of peat, there occur irregularly oval 
pavements of stone, overlaid often by a layer of wood- 
I itaiies, and suiTounded by portions of hazel stakes, — the 



I ffulips, and 



renmius, apparently, of sncli primitive huts as those I 
wliich, according to Gibbon, the ancient GermanB reeided 
and which were, we are told, "of a circular figure, bdi 
of roi]gh timber, thatched with atraw, and pierced at t 
top, to leave a free passage for the smoke." Similai 
mains, but apparently of a still more ancient type, bai 
been laid open in Aberdeenshire ; and I find Mr. Wih 
stating, in hia archteologica! history, that on several c 
dons, rude canoes, which had been hollowed out of a 
logs of wood by the agency of fire, and evidently of tl 
" atone age," have been found in Lochar Moss, Dumiiie^ 
shire, with ornamental tores and braes bowla, not leas e 
dently of the subsequent " bronze period." It is stated b 
Dr. Boates, in liis " Natural History," that in Ireland, t 
furrowa of what had been once ploughed fields have htx 
found underlying bogs, — In one instance at least (in 
egal), with the remains of an ancient plough, and tbe n 
tlea of a hedge sis feet beneath tbe surface. In 1833 thai 
was discovered in Dnimkilen bog, near the north-e 
coast of the county of Donegal, an ancient house forn 
of oak beams. Though only nine feet high, it coneiat 
of two stories, each about four feet in height. One fdj^ 
of the building was entirely open, and a stone chisel i 
found on the floor, — indicating that this ancient domii^ 
belonged to the stone period. Associated, too, with t 
works of man of tho earlier perioils, we find in oi 
equally su^estive remains of the extirpated, and 
cases of the extinct animals, such as gigantic skiUls i 
honis of the Hos PHmigenius or native ox, and of the ( 
vus Megaceros or Irish elk, with the skeletons of yrdyi 
of beavers, of wild horses, and of bears. There exists Ti 
seems to be sufiicient evidence that the two extinct ■ 
mala named the Irish elk and native ox were contemn 
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■wtti the primitive huntere of the atone period : the corn- 
eal vertebrsB of a native ox have been foand Jeeply scarred 
'by a atone javelin, and the rib of an Irish elk perforated 
ty a Btoao arrow-head ; and it is kuown that some of the 
extirpated animals, such as the wild horse, wolf, and bea- 
ver, continued to live among our forests down till a com- 
■|)aratively recent period.' We find it stated by Ileutor 
Boece, in his " History," that there were beavers living 
among our Highland glens even in his days, as late as the 
year 1526; but there rests a shadow of doubt on the state- 
ment. It is unquestionable, however, that the GaeUc 
of the ci'eature, X-aaleathin, or broad-tail, still Gur- 
vivesi and equally certain that when Baldwin, Arch- 
liahop of Canterbury, journeyed into Wales towai-ds the 
eloBe of the twelfth century, to incite the Welsh to join 
the Crusades, the beaver was engaged in building its 
iColfer domes and log-housea in the river Teivy, Cardigan- 
hivc. The wolf and wild horse maintained their place in 
it least the northern part of the island for several centu- 
lies later. Wiien in 1618 Taylor, the water poet, visited 
ISeolIaiid, he accompanied the "good lord of Mar" on one 
>f hia great hunting expeditions among the Grampians; 
find, from the amusing narrative of his journey, 
lat for the space of twelve days he saw neither house uor 
irn-field, but "deer, wild horses, wolves, and such like 
eaturea." Tho wolf did not finally disappear fi^m among 
ir mountains until the year 1680, when the last of the 
killed in Lochaber by that formidable Ewan 
imeron of Lochiel with whom Cromwell was content to 
:e peace after conquei'ing all the rest of Scotland. 

iMany Intcresling humnn rpmaltis haro lately 1)ih;ii disiatorrod 
» Severn drirt and grUTCla near Tswkeabiuy, ai 
BK8. and aeh.es, and utonslU for canying wutsi 
' ihe red deer. — W, S. 8, 
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The siiiid fluiics of the country — accumniations of simt 
heaped over the soil by the winds, nad in soaie cases, asil 
the neighborhood of Stromnesa in Orkney, and near Nrt 
Quny on the coast of Cornwall, consolidated into a kiudoi 
open-gi-ained sandstono — contain, like the mosses of tH 
country, ancient Imman remains and works of art. ThH 
have been detected among the cider sand dunes of Morjfl 
broken or partially finished arrow-heads of flint, with spM 
tei-ed masses of the material out of which they had h« 
fashioned, — the debris, apparently, of the workshop M 
some weapon-maker of the stone period. Among a tra 
of sand dunes on tlie shores of the Cromarty Frith, imnfl 
diatcly under the Northern Sutor, in a hillock of blofl 
sand, which was laid open about eighty years ago by S 
winds of a slonny winter, there was found a pile of fl 
bones of the various animals of the chase, and the hi« 
of deer, mixed with the shells of moUnscs of the edHl 
epedea; and, judging from the remains of an ancient hfl 
fort In the neighborhood, and from the circumstance td 
under an adjacent dime rude sepulehral urns were d 
interred many years after, I have concluded that the inoM 
ers by whom they had been accumulated could not bn 

[ffourished later than at least the age of bronze. It ym 
ascertained in one of the Orkneys, about the year isfl 
that a range of similar dunes, partially cleared by a lofl 
tract of high winds from the west, had overlain for untfl 
ages what seemed to be the remaiua of an ancient Scfl 
dinavian village. In fine, very strange fossils of the hain 
period has tlits sand deposit of subaeri[d formation IhI 
found to contain. There were disinterred on the Con^f 
coast in 1835, out of an immense wreath of sand, an M 
British church and oratory, — the church and orattiryfl 
Perran-aabulte, — which had been hidden from the ^^fl 



1 for iiofirly a thousand years. Tlie Tractarian conti-o- 
versy had just begun at the time to agitate llie Episcoputy 
f England; it had become of importance to asccilain the 
exact form of building sanctioned by antiquity aa moat 
icionduuive to devotion ; and a fossil church, which had un- 
no change almost since the times of the ancient 
j[Jhristianity, was too interesting a reho to escape the notice 
pf the paities which the controversy divided. But though 
llutagonistic volumes were written regarding it, in a style 
not quite like that in which Professor Owen and Dr. Man- 
tell h;ivo since discussed the restoration of the Belemnite, 
; was ultimately found that the little old church of St. 
•irraii the Culdoe — such a building as Robinson Crusoe 
light liave erected for the ecclesiastical uses of himself 
md his man Friday — threw exceedingly httle light on 
ilie vexed question of church ai'chi lecture. The altar is in 
the east, said the Traetariana. Nay, the building itself doea 
lot lie east and west, replied their opponents. We grant 
on it does not, rejoined the Tractarians ; hut its gable 
ronta the point where the sun rises on the saint's birthday. 
V^bo knows that? exclaimed their opponents : besides, the 
laored gable was unfurnished with a window. We deny 
l^&t, said the Tractarians ; the laborer who saw it just ere 
% fell says there was a large hole in it. And thus the con- 
Iroversy ran on, undoubtedly amusing, and, I daresay, very 
tractive. The north of Scotland has its ancient fossil 
liarony underlying a wilderness of snnd ; ploughed fields 
pd lences, with the waits of tuif-cottages, and the remains 
f a manor-house, all irrecoverably submerged; — and we 
nd the fact recorded in a Scotch act of the times of Wil- 
im III. Curious, as being perhaps the only act of Par- 
imeat in existence to which the geologist could refer for 
Q history of a deposit, I must take the hberty of submit- 



ting to you a small poition of one of its long soiitent 
" Our Sovereign Lord," says the preamble, " considerii^ 
that many lands, meadows, and pasturages, lying on 1 
sea-coasts, have been ruined and overspread in niauy pai 
of this kingdom by sand driven from sand-hilla, the v 
has been mainly occasioned by the pulling up of the ro 
of bent, juniper, and broom bushes, which did loose i 
break the surfiico and scroof of the sand-hilU ; and par 
ularly, considering that the barony of Cawbin, and houi 
andyearda thereof) lying within the sheriffdom of Elgin, i 
quite ruined and overspread with sand, the which was o 
casioned by the foresaid bad practice of pulhng the I 
and juniper, — does hereby strictly prohibit," etc., etc^ e 
I have wandered for honra amid the sand-wastes of t 
ruined barony, nnd seen only a few stunted bushes ( 
hroora, and a few scattered tufts of withered bent, occup^ 
ing, amid utter baiTenness, the place of what, in tiie middhi 
of the seventeenth century, had been the richest fields o 
the rich province of Moray; and, where the winds faa^ 
hollowed out the sand, I have detected, uncovered for | 
few yarda'-breadth, portions of the buried furrows, soren 
dried into the consistence of sun-burned brick, but li 
charged with the seeds of the common corn-field weeds o 
the country, that, as ascertained by experiment by the lat 
Sir Tliomas Dick Lauder, still retain their vitality, 
said that an antique dove-cot in front of the huge 
wreath which enveloped the manor-house, continued t 
present the top of its peaked roof over the sand, as a fouff 
dered vessel sometimes exhibits its vane over the waves^ .1 
imtLl the year 1760. The traditions of the district testify 
that, for many ycai-s after the orchard had been en 
the topmost branches of the fruit-trees, barely sc 
the surface, continued each spring languidly to throw o 
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bad and blosBom; and it is a curious circumstancG, that in 
the neighboring churchyard of Dike there is a eepulchral 
moniiiucnt of the Culbin family, which, though it docs not 
date beyond the i-eign of James VI,, was erected by a 
]ord and lady of the laBt barony, at a time when they 
scum to have had no suspicion of the utter ruin which was 
coining on their house. The quaint inscription runs as 
follows : 



I refer to these facts, (hough they belong certainly to no 
very remote age in the past history of our country, chiefly 
to show that in what may be termed the geological forma- 
tions of the human period very curious fossils may be 
already deposited, awaiting the researches of the future. 
Ai we now find, in raising blocks of stone from tlie quarry, 
ivater-rippled sui-faoes lying beneath, fretted by the tracks 
of anciunt birds and reptiles, there is a time coming when, 
under thick beds of stone, there may be detected fields and 
orchards, cottages, manor-houses, and churches, — the 
luorials of nations that have perished, and of a condition 
of things and a stage of society that have forever ps 

Sand dunes and morasses are phenomena of a strictly local 
chai-acter. The last great geological ch-inge, general in its 
extent and effects, of which Scotland was the subject, was 
a change in its level, in relation to that of tlie ocean, 
from fitteen to thirty feet. At some unascci-tiiiued period, 
^garded as recent by the geologist, — for man seems to 
have been an autor on the scene at the time, — but remote 



by the historian, — for its date is anterior to that of htg 
oldest authorities in this country, — the lund rose, appai 
ently during several interrupted paroxysms of upheaval, si 
that there was a fringe of comparatively level sea-bc 
laid dry, and added to the countiy's area, considei-abljlj 
broader than that which we now see exposed by the ebb « 
every stream tide. And what I must deem iudahitabM 
niarka of this change of level can be traced all around Scof 
land and its islands. Tlic country, save in a few intermptee 
tracts of precipitous coast, where the depth of the watet 
like that beside a steep mole whose base never dries at e' 
precluded any accession to the land, presents aronnd. i 
mai'gin a double coast line, — the line at present washej 
by the waves, and a line now covered with grass, or wavinj 
with shrubs, or skirted by walls of precipice perforated^ 
caves, against which the aui-f broke for the last time m 
than two thousand years ago. These raised beaches fori 
a peculiar feature in our Scottish scenery, which j 
liave often remarked. In passing along the public road l 
tween Portobello and Leith, the traveller sees upon 1 
left hand a continuous grassy bank, with a lino of wiltowi 
atop, which he may mark in some places advancing in ] 
promontories, in otiiens receding into shallow bays, i 
which is separated from the present coast line, which i 
general flatness it greatly resembles, by a strip of tu^ 
meadow land, vailing from one to three hundred yards ii 
breadth. The continuous grassy bank is the old coast 1) 
and the gently sloping margin of green meadow is the str 
of fiat sea-beach along which the tides used to rise and £ 
twice every tiventy-four hours, ere the retreat of the ■ 
within its present hounds. Should it be low ebb at t 
time, one may pass fi-om the ancient to the recent ( 
beach ; the one waving with gi-ass, the other brown fl 



aigiB ; tbe one consisting, under its covering of vegetable 
mould, of stratified gravels and sand, blent with the de- 
cayed shells of mollusca that died more than twenty cen- 
turies since ; tin? other fornaed of exactly the same sort of 
lines of stratified sand and gravel, and strewed over by 
ehells that were thrown ashore by the last tide, and that 
lived only a few weeks ago. And, rising over the lower, 
as over the upper flat, we see & continuous escai-pment, 
which marks where, in the present age, during the height 
of stream tides, the sea and the land meet ; just as the up- 
per will ow-c rested escarpment indicates where they met of 
old. The two escarpments and the two gently sloping 
pianos at their base are repetitions of the same phenomena, 
save that the upper escarpment and upper plane are some- 
ivliat sorter in their outline than the lower, — an effect of 
the wear of the elements, and of the accumulation of the 
Tpgetable mould. There is as thorough an identity between 
Ihem as between two contiguous steps of a stair, covered, 
the one by a patch of browu, and the other by a patch of 
igreen, in the pattern of the stair-carpet. There are other 
parts of om' Scottish shores in which the old coast linn is 
jf ft much bolder character than anywhere in this neigh- 
itorhood, .tnd tho plane at its base of greater breadth. On 
tile Forfarshire coast, the Dundee and Arbroath Railway 
rans along the level margin, once a sea-bottom, which at 
Sue point, opposite the parish church of Ilarrie, is at length 
miles in breadth, and the old coast line rises from thiity 
;o fitly feet over it. It is strongly marked on the southern 
lide of the Dornoch Frith, immediately below and for sev- 
frol miles to the east of the town of Tain, wliei-e it attains 
I breadth of fi'om one to two miles, and where the old sea- 
rising over the cottage-mottled phun below in a 
!a of jutting liBatllauds, with green bosky bays between, 
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strikes even the least practised eye as jiossessed of all ti^ 
characteristio peculiarities of a tnie coast line. It ii 
less marked in the neigh borliood of Cromarty, nnd on t 
opposite shore of tlio Cromarty Frith, in the parish of Ni^ 
It runs along by much tlie gi'eater portion of the e 
coast of Sutherland ; and forms nt the licad of Loch I 
in the neighborhood of Dornoch, a long withdrawing f 
bonnded by picturesque shores, and covered by a e 
green eward, level as the sea in a calm, on which gi 
of willow and alder trees take the place of bosy fleets 
the have and the pailridge that of the coot and the p 
poise. Along the upper recesses of almost all our fl 
filths, such as the friths of Bcaiily, of Dingwall, and of tl 
Tay, and of tlie Clyde, it exists as fertile tracts of c 
land ; the rich links of the Forth, rendered classical I 
muse of Maciiei!, belong to it ; it furnishes, in various O 
localities more exposed to the open sea, ranges of saik 
links of a less vahiable character, such as the range in e 
own neighborhood occupied by the race-conrse of Inver 
and not a few of the seaports and watering place 
country, such as the greater part of Leith, Portobc 
Musselburgh, Kirkaldy, Dundee, Dingwall, Znvergorda 
Cromarty, Wick, Thurao, Kirkwall, Oban, and GreeiM 
have been built upon it. 

The old coast line, with the flat marginal selvage s 
base, form, as I have said, well-marked features in 1 
scenery of the island. Geology may be properly regard 
as the science of landscape : it is to the landscape p 
what anatomy is to the histoi-ic one or to the sculptor, 
the singularly rich and varionsly compounded prospc 
of onr countiy there is scarce a single trait tliat < 
be ix'solved into some geological peculiarity in the « 
try's framework, or which doc3 not bear witness OtiM 



ami more directly than from any mere suggestion of the 
associative faculty, to some striking event in its physical 
history. Its landscapes are tablets roughened, like the 
tablets of Nineveh, with the records of the past ; and their 
various features, whether of hill or valley, terrace or escarp- 
ment, form the bold and graceful characters in which tlie 
narrative is inscribed. As our Scottish geologists have 
to less attention to this special deportment of their 
science than to jierhapa any other, — less, I am disposed to 
think, than, fi-om its intvinsic interest and its bearing on 
art, is fau'ly owing to it, — I shall take the liberty — cast- 
ing myself on tlie forbearance of such of my audience as 

a least artistic in their tastes — of occasionally touching 
upon it in my course. 

I need scarce refer to the scenery of onr m.osBes, — thi 
Bombre, lake-like tracts, divested, however, of the cheerful 
gleam of the water, — that so often fatigue the eye of the 
traTeller among our mountains, but which at that season 
when the white cottony camach mottles their dark sur- 
fitces, reminding one of tears on a hatchment, — when the 
hills around, purple with the richly- blossoming heath, i 
chequei'ed with the light and shade of a cloud-dappled 
ricy, — and when, in the rough foreground, the gi"ay upright 
Btone of other days waves its beard of long gi-ay lichen to 
file breeze, — arc not unworthy, in their impressive loneli- 
s, of employing, as they have oftener than once done, 
ite magic pencil of a MaccuUocb. I need as little refer to 
•tfie scenery of those sand dunes which gleam so brightly 
>atntd some of onr northern landscipci, and which, not 
only in color, but also in form, contnst so strongly w 

t morasses. The dark flat monss is snggesttvo alw; 
of flluggish and stagnant repose ; wheieis, nmong our sa 
dunes, fiom the minuter ripple-markmgs of the general 
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Bor&ce to the ware-like form of the hiUg sloped m 1 
direction of the prevailing winds, and i^uned, like enoi 
wreaths; to the opposite point of the compass, almost every 
outline is equally suggestive of motion. I could, however, 
iain borrow the pencil of our countryman Hill, as he em- 
ploys it in his exquisite cabinet-pictures, to portrsiy the 
Btory of the last Barony : rolling hills of sand ail around, 
the red light of a stormy summer evening deepening into 
dun and lurid brown, throuj;!! an eddying column of suf- 
focating dust snatched up by a whirlwind; the antique 
garden-€lial dimly shadowing forth tiie hour of sunset for 
the last time, amid half-submerged shrubs and trees ; and, 
full in the centre of the picture, a forlorn fortalice of the 
olden time, with the encroaching wreath rising to its lower 
battlements, hko some wrecked vessel on a wild lee-sliore, 
with the angry surf raging high over her deck, and kis^ng 
with its flame-like tips the distant yards. 

The scenery of the old coast line possesses well-nigh all 
the variety of that of the existing coast ; but it substitutes 
field and meadow for the blue sea, and woods and human 
dwellings for busy mast-crowded harboi-s, and fleets riding 
at anchor. It is pleasing, however, to see headland jutting 
out beyond headland into some rich plain, traversed by 
trim hedge-rows and green lanes; or some picturesque 
cottage, overshadowed by its gnarled elm, rising in some 
bosky hollow at the foot of the swelling bank or weather- 
stained precipice, beneath which the restless surf once 
broke against the beach. There are well-m.^rkcd ajjeci- 
mens of this scenery of the ancient coast line in otir imme- 
diate neighborhood. Musselburgh, with its homely Saxon 
name, lies in the middle of what was once a flat sandy baj^ 
now laid out into fields, gardens, and a race-course; 
the old coast escarpment, Inxuriant with hanging wo 



Bnd gny witli villas, and which may possibly have been its 
iret Celtic designation, Intseresk, crc the last upheaval of 
!he land, half closes around it. The church and burying- 
round occupy the top of a long ridge, that liad once been 
\ river-bar, heaped up apparently by the action of the 
on the one side, and by that of the stream on the 
itlier. Bnt, ns shown by the remains of Roman baths and 
t Roman rampart, which once occupied its summit, it must 
ave borne its present character from at least the times of 
loUius Urbicns, — perhajis for several centuries earUer. 
SThe neighboring port of Portobello, an seen from the east, 
comes fidl in sight on the Musselburgh road, 
leema set so completely in a framework of the ancient 
nrpment, that it derives from it its natural features. 
But it is where, along our boulder shores, hues of steep 
^cipicea have been elevated over the sea, so that the 
(raveB no longer reach their bases, that the old coast sce- 
lerj IS at once most striking and peculiar. Tall picturesque 
itacks, which had once stood up amid the surf, brown and 
'"'SSy with the serrated fiicns and the broad-fronded lam- 
Ijara, now rise out of thickets of fern or sloethom, and 
tavo green with glassy ivy and the pendant honeysuckle, 
p caverns, too, in which the billows had tolled for ages, 
nut now silent, save when the drop tinkles from above into 
[^Some cool cistern half hidden in the gloom of the interior, 
open along the wall of cliffs ; and over projecting buttresses 
—of rock, perforated often at their bases as if by Gothic 
ibwaya, and thickly mantled over by hverworts, green 
taid gray, the birch hangs tremulous from above, or the 
Riasel shouts out its boughs of brighter gi'ecn, or the moun- 
lltui-asb hangs its scarlet berries. One of the most pleasing 
I limdacapes of one of the most accomplished of female 
l-inijta — Miss Stoddavt — has as its subject an ancient 
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eecarpment of this bold character, which occurs In Arr 
A mossy, fera-ttifted meadow, skirted by the aea, rougl 
by what Biad once been half-tide ekerriea, and enliveiu 
by a Ilighiand cottage, stretches out into the f 
firora an irregular wall of roek, overhung by graceful fi 
age, hollowed into deep recesses, adown which the waters 
tinkle, and with some of Its bolder projections perforated 
at the base like flying buttresses of the decorated Gothic; 
and such is the truth of the representation, that w*^ 
once dctci'mino that the artist had chosen as her subjec 
one of the more precipitoas reaches of the old coitst fia 
and that its wall of rock must have derived much of fl 
peculiarity of trait so happily caught, from the actioal 
tlie waves. Again, in direct contrast with this str 
type of old coast escaipmont, though in its own ^ 
not less striking, Mr, Kill's fine picture, "The Sai 
Sunrise," lately engraved by the Art Union, exhibits a 
background one of those long, flat, sandy spits, prodd 
of the last upheaval, which, stretching far into the i 
bear amid the light of day an air of even deeper lonel 
than our woods and fields when embrowned by the gat^ 
ing night. When the insulated stacks of an old c 
are at once tall and attenuated, and of a white or J 
colored rock, the effect, especially when viewed by n 
light, is singularly striking. The valley of the Scinej 
described by Sir Charles Lyell, — now a valley, but ,<i 
a broad frith, — is flanked on each side, in its lower r 
by tall stacks of white chalk, of apparently the f 
aa those of the ancient coast line of our own counq 
and, seen ranged along their green hill-sides, in the ima 
feet light of evening, or by the rising moon, they seem 1 
sheeted spectres of some extinct tribe of giants. 

The date of that change of level which gave to Sh 



land this flat fl-ingo of margin -land, with its picturesque es- 
Carpment of ancient coast, we cannot positively fix. We 
Snd reason to conclude that it took place previous to the age 
jBf the Roman invasion. It has been shown, fi'om evidence 
tf a semi-geologic, semi-archasologic character, by one of 
ir highest authorities on the subject, Mr. Smith of Jor- 
mhill, that the land must have stood at a not lower le>el 
lian now, when the Roman wall which coimocts the friths 
tf Forth and Clyde was completed. For, had it been 
itbeTwise, some of the tenninal works which remain would 
lave been, what they obviously were not, under the sea 
inc at the time. In the sister kingdom, too, which haa 
I ha old coast line, St. Michael's Mount in Cornwall, 
'hich was connected with the mainland at low water by 
strip of beach in the times of Julius Cffisav, — a feot 
icorded by Diodorus Siculus, — is similarly connected 
rith the mainland at low water still. But though the 
plieaval of the old coast line is removed thus beyond the 
^torio period, it seems to have fallen, as I have said, 
itliin the human one : man seems to have been an inhab- 
snt of the island when its general level was from twenty 
i forty feet lower than now, and the waves broke at full 
de agiiinst the old coast line. " The skeleton of a Balce- 
bptera," says Professor Owen, "seventy-two feet in length, 
as found," about thirty years ago, " imbedded in the clay 
1 the banks of the Forth, more than twenty feet above 
le reach of the highest tide." And again, " Several bones 
I a whale,"' ho continues, "wore also discovered at Dun- 
bre rock, Stirlingshire, in brick-earth, nearly forty feet 
kove the present sea-level." These whales must have 
len stranded ivhen the old coast line was washed by the 
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■waves, and the marginal strip existed as an oozy sg^-Ik 
torn; and yet in both cases there were found, among 1 
bonea, prirailii-e weapona made of the pointed 1 
of deer's horns, hollowed at their broad ends by a 
perforations ; and in one of these perforations the d 
fragments of a wooden shaft still remained. The j 
and perforated pieces of horn were evidently rude lanj 
heads, that in all probability had been employed i 
the stranded cetacea by the savage natives. Fnither, n 
the city of Glasgow now stands, tlfree ancient 1 
one of wbieh may be seen in the Museum of our ! 
Antiquaries in Edinburgh, and another in the Andereonj 
Mnseum — have been dug up siuee the year 1781 ; the Ji 
only four years ago. One of the number was found s 
quarter of a mile from the Clyde, and about twentj^ 
feet above its level at high water. It reposed, too, qoI 
a laminated silt, such as the river now deposits, but t 
pure sea sand. "It therefore appears," says Mr. ! 
Chambers, in his singularly ingenious work on " 
Beaches," "that we have scarcely an alternative 1 
supposition that when these vessels foundered, and i 
deposited where in modem times they liave b 
Frith of Clyde was a sea several miles wide at Gla 
covering the site of the lower districts of the c 
receiving the waters of the river not lower than I 
Bridge." I may add, that the Glasgow boat in tl 
quarian Museum is sueh a rude canoe, hollowed oat H 
single trunk, aa may he seen iu use among such < 
Polynesian islands as lie most out of llie reach of oi' 
lion, or in the Indian Archipelago, among the rude Al 
races; and that In another of these boats — the fire 
covered — there was found a beautifully pohshed hate 
of dark greenstone, — an unequivocal uidication li 



slongetl to the "stone period," There arc curious ety- 
lologies ti'aceable among t!ie older Celtic names of places 
I the country, which I liave Boraetimea heard adduced in 
ividence that it was inhabited, ere the last upheaval of the 
id, by the ancient Gaelic-spealting race. Eminences Uiat 
a in the flat marginal strip, and which, though islands 
ince, could not have been such since the final recession of 
le sea, continue to bear, as in the neighborhood of Stir- 
ng, the Gaelic prefix for an island. But as the old Celts 
(em to hai-e been remarkable as a people for their nice 
preoption of resemblances, the insular form of these emi- 
ices may be perhaps regarded as suggestive enough to 
jcount for their names. One of these etymologies, how- 
rer, whicli could scarce have been founded on any mere 
semblance, seems worthy of special notice. Loch Ewe, 
I RosB-ahire, one of our salt sea lochs, receives the watera 
r Loch Maree, — a noble fresh-water lake, about eighteen 
liles in length, so little raised above the sea-level, that 
:e the last upheaval of the land it must have formed 
terely the upper reaches of Loch Ewe. The name Loch 
[aree — Mary's Loch — is evidently medieval. And, curi- 
ously enough, about a mile beyond its upper end, just 
where Loch Ewo would have terminated ere the land 
last arose, an ancient farm has borne from time immemo- 
rial the name of Kinloehewe, — the head of Loch Ewe. 
XHspose, however, of the etymologies as we may, there are 
.£ict8 enough ou record which render it more than probable 
lat, though the general change of level to which we owe 
le old coast line in Scotland does not lie within the hia- 
io ages, it is comprised within the human period. But 
cannot, as has been shown, fix upon a date for the 



I Woe the case otherwise, — could we fix with any o 
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tMnty the tims when thia change of level took place, & 
the platform of the lower coast Hne was gained from t 
sea, — there might be an approximation made to the an 
rior space of time during which the liue of high water h 
been the willow- crowned escarpment beyond FortobeHl 
and the green bank neai' Rulhei^glen, and the sea rose 4 
beyond its present limits in our friths and bays. 
are portions of the coast that at this early peiiod presentl 
to the waves lines of precipices that are now fringed | 
their bases by stiips of verdure, and removed far beyo^ 
their reach. There are other portions of coast i 
immediate neighborhood of these, where similar Uneg < 
precipices, identical in their powers of resistance, i 
brought by the same movement within that very influx 
of the waves beyond which the others had been 
And each line bears, in the caves with which it Ib f 
— caves hollowed by the attrition of the suif in the d 
tion of faults, or where niasses of yielding texture 1 
been included in the solid rock, — indices to mark, prop( 
lionally at least, the respective periods during which t 
were exposed to the excavating agent. Thus, the a 
age depth of the ancient caves in an exposed hne of coat 
as ascertained by dividing the aggregate sum 
depths by their number, and the average depth,*a( 
by the same process, of the recent caves, equally expos 
on the same coast, and hollowed in the same variety q 
rock, could scarce fail to represent their respeetive p( 
of exposure, had we btit a given number of years, 1 
ically determined, to sot off against the average mei 
ment of the recent excavations. Even wanting that, 1 
ever, it is something to know, that though the se 
Stood at the existing sea-margin since the days of J 
ola, and at least a few centuries more, it stood for a 
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jiderably longer period at the old coast lino. The rock 
f which those remrirkiibie promoiitoiics, the Sutors of 
Cromarty, are composed, is a granite gneiss, ranch trav- 
ersed by faults, and inclosing occasional masses of a soft 
hloritic schist, that yields to the waves, while the enr- 
>^luidiag gneiss — hard enough to strike fire with steel — 
Remains little affected by the attrition of centuries. These 
promontories have, in consequence, their numerous caves 
a a double row, — the lower row that of the exist- 
ing- coast, the upper that of the old one ; and I have 
examined both rows with some little degree of care. The 
deepest of the recent caves measures, from the opening to 
its inner estremity, where the rock closes, exactly a hun- 
t feet ; the deepest of the ancient ones, now so com- 
l^tely raised above the surf, that in the highest tides, and 
1 upwards by the severest storms, the waves never 
teach its mouth, measures exactly a hundred and fifty feet. 
Lnd these depths, though much beyond the rcHpoctive 
average depths of their several rows, bear, so far as I could 
tocertain the point, the proportions to each other that 
hese averages bear. The oaves of the existing coast line 
re as two in depth, and those of the old coast line as thr-ee. 
f the excavation of the recent caves be the work of two 
^ousand Jears, the excavation of the ancient caves mast 
lave been the work of three thousand ; or, aa two thou- 
3 does not bring us much beyond the Roman period, 
t ns assume as the period of the existing coast line and 
s caves, two thousand two hnndred years, and as the 
■roportional period of the old coast line, three thousand 
ree hundred more. Botli sums united bring ns back 
ive thousand five hundred years. How much more an- 
ient either coast line may-be, we of course cannot deter- 
: wo only know that, on the lowest possible assnmp- 
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tion, we reach a period represented by their united ages 
only less extended by six years than that which the Sa- 
maritan chronology assumes as the period during which 
man has existed upon earth, and only three hundred and 
fifty-five years less than that assumed by the Masoretic 
chronology. The chronology of the Septuagint, which 
many have begun to deem the most adequate of the three, 
adds about five hundred and eighty-six years to the sum 
of the latter. 

Permit me, in closing this part of my subject, to show 
you that changes of level such as that to which we owe 
our old coast line in Scotland, and the marginal strip of 
dry land which we have laid out into so many pleasant 
gardens and fields, and on which we have built so many 
of our seaport towns, are by no means very rare events 
to the geologist. He enumerates at least five localities in 
the Old World, — Scandinavia, part of the west coast of 
Italy, the coasts of Cutch and of Arracan, and part of the 
kingdom of Luzan, in which the level is slowly changing 
at the present time ; and in the New World there are vast 
districts in which the land suddenly changed its level for 
a higher one during the present century. " On the 19th 
of November 1822," says Sir Charles Lyell, "the coast of 
Chili was visited by a most disastrous earthquake. When 
the district around Valparaiso was examined on the morn- 
ing after the shock, it was found that the whole lino of 
coast for the distance of above one hundred miles was 
raised above its former level. At Valparaiso the elevation 
was three feet, and at Quinteno about four feet. Part of 
the bed of the sea remained bare and drv at hisch water, 
with beds of oyster, mussel, and other shells, adhering to 
the rocks on which they grew, — the fish being all dead, 
and exhaling ofFeusive effluvia." Again, on the east side 



of the Bay of Bengal, upon the coast of Arracan, which is 
»t present in the course of rising, there are islands which 
present on their shores exactly such an appearance as oor 
■OWB country would have presented some sixty or a hun- 
dred years after the elevation of the old coast line. The 
island of Reguain, one of these, was carefully surveyed ia 
the year 1841 hy the officers of her Majesty's brig Chil- 
dera: and it has been carefully mapped in the adininible 
Physical Atlas of the Messrs. Johnston of Edinbtu'gh, 
We find it, as shown in the map, resembling three islands ; , 

one placed within the other, as, to employ a homely 
illustration, the druggist, to save room, places his empty 
pill-boxes the one within the other. Fii-st, in the centre, 
there is the andent island, with a well-defined coast line, 
-some six or eight feet high, running all aroimd it. At the 
of this line there is a level sea of rich paddy fields, — 
for what may be tei-med the second island has been all 
brooght into cultivation; and it has also its coast line, 
which descends some six or eight feet more, to the level 
«f & third island, which was elevated over the sea not 
more than eighty years ^o, and which is still nncnlti- 
Yated ; and the third island is surrounded by the existing 
coast line. Thus the centre island of Reguain consists of 
three great steps or platforms, each of which marts a par- 
oxysm of elevation; and, with the upheaval of the coast 
of Chili, and a numerous class of events of a similar char- 
ilcter, it enables us to conceive of the last great geological 
.change of which our counti-y was the subject. We imag- 

a. forest-covered land, marked by tlie bold, command- 
ing features by which we recognize our country, bat in- 
llsbited by barbarous, half-naked tribes, that dwell in rude 
^ronlar wigwams, formed of the branches of trees, — that 
iploy in war or the chase weapons of flint or jaq>er. 
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— and that navigate their rivers or estuaries in canoes 
hollowed by fire out of single logs of wood. There has 
been an earthquake during the night ; and when morning 
lises, the beach shows its broad, darkened strip of apparent 
ebb, though the tide is at full at the time ; and when 
the waters retire, they leave vast uncovered tracts never 
seen before, comparatively baiTen in sea-weed, but rich in 
stony nulliparite encrustations, minute coralines, and fleshy 
sponges. Ages elapse, and civilization grows. The added 
belt of level land is occupied to its utmost extent by man : 
he lays it out into gardens and fields, and builds himself a 
dwelling upon it : but no sooner has he rendered it of 
some value, than the sea commences with him a coarse 
of tedious litigation for the recovery of its property ; and 
bit by bit has it been wresting it out of his hands. Almost 
all those tracts on our coasts which have been sofiTerinn: 
durinjT the last few centuries from the encroachment of 
the waves, and which have to be protected against their 
fury wherever land is valuable, as in this neighborhood, by 
lines of bulwarks, belong to the flat marginal strip won 
from them by the last change of level. 

Our next great incident in the geologic history of Scot- 
land dates, it would seem, beyond the human period. In 
passing along the beach between Musselburgh and Porto- 
bello, or again between Portobello and Leith, or yet again 
between Leith and Newhaven, one sees an exceedingly 
stiflT, dnrk-colored clay, charged with rounded pebbles and 
boulders, and which, where washed by the waves, presehts 
a frontage nearly as steep as that of the rock itself. The 
deposit by which it is represented is known technically to 
the agriculturist as Till^ and to the geologist as the £oul- 
der-Clay. Though not continuous, it is of very general 
occurrence, in the Lowlands of Scotland, and presents, 



though it varies in color and pomposidon, acconling to tlip 
nature of ibe rocka wliicU it overlies, certaio nuiqiic a|>- 
pcarancea, wLich seem to connect its origin lu the severtil 
locnlitiea with one set of causea, and which no otiier 
■deposit presents. Like the raised beaches, it has contrib- 
uted its distinctive qnota to the variously featured scenery 
•of our country. The Scottish word »caur, in the restricted 
aiguificancy attached to it in many parts of the kingdom, 
simply a. precipice of clay; and it is almost invari- 
ably the boulder-clay that forms scaurs in Scotland; for 
' it ia one of the peculiarities of the deposit, that it stands 
up well-nigh as steeply over tlie sides of rivers, or on 
encroaching sea-beaches, or on abrupt hill-sides, as roek 
' itself; and these clay precipices bear almost invariably a 
■ peculiar set of charactera of their own. In some eases 
they spring up as square and mural, seen in fi-ont, as cliffa 
■ of the chalk, but Been in profile, we find their outlines 
described by parabolic curves. In other eases we see tho 
vegetable mould rendered coherent by the roots of siirubs 
md grasses projecting over them atop, like the cornice of 
'some edifice over its fi-icze. In yet other cases, though 
'Kbrupt as precipices of solid rock, we find thoin seamed by 
the weather into numerous divergent channels, with py- 
- xaniidal peaks between ; and, thus combining the perpen- 
idicularity of true cHffa with the rain-scooped furrows of a 
'yielding soil, they present eccentricities of aspect which 
, by their grotesqueneas, eyes little accustomed to 
rdetect the picturesque in landscape. Such are some of 
"tie features of the scaurs of our country, — a well-marked 
IS of precipices for which the English language has no 
le. It is, however, in continuous grass-covered esoarp- 
IMntS, whicb in some parts form the old coast line, and 
B in othei-s along the sides of rivers, that we detect at 
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oDce tbe most marked and most graceful scenic pecttlii 
of the boulder-clay. The steep Blopes, furrowed 1: 
moua flutings, like those of the antique Doric, appear 
if laid out into sucji buri.il-mounds as those with which 
sexton frets the surface of a country churchyard, hut i 
this difference, that they seem the hurial-mounda of gianU^ 
tall and bulky as those that of old warred against thir 
gods. On a grass-covei-od escarpment of the boulder-oh^ 
in tho neighborhood of Cromarty these mounds are stril 
ing enough to have caught the eye of the children of tB 
place, and are known among them as the giants' grave 
They lie against the green bank, each from forty to s 
yards in length, and from six to ten yards in height, wit 
their feet to the shore, and their heads on the top of t^ 
escarpment ; and when the evening sun falls low, and t 
shadows lengthen, they form, from their alternate bare < 
light and shade, that remind one of the ebon and ivoi 
bnttresa of the poet, a singularly pleasing feature i 
landscape. I have sometimes wished I could fix their fo 
turea in a oalotypc, for the benefit of my friends the Ian 
scape punters. This vignette, I would fain say, represen 
the boulder-clay after its precipitous banks — worn dow 
by the frosts and rains of centuries, into parallel mi 
that gradually widened into these hollow grooves — 
sunk into the angle of inclination at which the disintegi 
ing agents ceased to operate, and the green sward cover 
all up. You must be studying these peculiarities of aspc 
more than ever you studied them before. There is a tii 
coming when the connoisseur will as rigidly demand t 
specific character of the various geologic deposits in ja 
rocks and scaurs, as he now demands specific charactor 
your shrubs and trees. 

I have said that the boulder-clay exhibits certain Uni^ 
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^pearancea, whtuh connect its origin in tbu sereriil locnli- 
1 with ono Bet of cnuscs, and whicii no ollii'r deposit 
^resL'nts. On examining tiic boulders wliich it encloses, 
fiiiil them strongly scarred and scratclied. In most 
ijistaQces, too, the rock on whicli tlie clay rests, — if it be 
ft trap, or a limestone, or a finely-grained sandstone, or, in 
dtort, any rock on which a tool could act, and of a texture 
Jtted to retain the mark of the tool, — we find einiilarly 
td, grooved, and scratched. In this part of the 
mntry, the b.^iilder-clay contains scarce any fossils, save 
ments of the older organisms derived from the rocks 
Kaealh ; but in both the north and south of Scotland — 
I Caithness, for instance, and in Wigtonshiro — it con- 
) numerous sliells, which, both in their species and 
■ state of keeping, throw light on the origin of the 
formation. But of that more anon. Let mo first remark, 
I the materials of the level marginal strip of ancient 
M^beach bencnth the old coast line seem, like the mate- 
I of tho esisting sea-beach, to have been arranged 
y by the agency of water. But in the boulder-clay 
t find a class of appearances which mere water could 
)t have produced. Not only are the larger pebbles and 
■ iouiders of the deposit scratched and grooved, but also its 
l«Wiiler stones, of from a few pounds to but a few ounces, 
f or even less than an ounce, in weight ; and this, too, in a 
1 peenliar style and direction. When the stones are de- 
cidedly of an oblong or spindle shape, the scratohinga 
Wwtr, in at least four eases out of every five, in the line 
*( thedr longer asia. Now, the agent which produced such 
iflfetta could not have been sim])Iy water, whether im- 
I jelled by cuirents or in waves. The blacksmith, let him 
•s^hat strength of arm he may, cannot bring bis file to 
1 i^on a minute pin until he lias first locked it fast in 
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his vice ; and then, though not before, his tool bears upon 
it, and scratches it as deeply as if it were a beam of iron 
of a ton weight. The smaller stones must havo been 
fastened before they could have been scratched. Even, 
however, if the force of water could have scratched and 
furrowed them, it would not have scratched and furrowed 
them longitudinally, but across. Stones, when carried 
adown a stream by the torrent, or propelled upwards along 
a beach by the waves, present always their broader and 
longer surfaces ; and the broader and longer these siu&ces 
are, the further are the stones propelled. They are not 
launched forwards, as a sailor would say, end on^ but tv/m- 
hied forwards broadside. They come rolling down a river 
in flood, or upwards on the shore in a time of tempest, as 
a hogshead rolls down a declivity. In the boulder-clay, 
on the contrary, most of the pebbles that bear the mark 
of their transport at all were not rolled, but alidden for- 
ward in the line of their longer axis. They were launched, 
as ships are launched, in the line of least resistance, or an 
an arrow or javelin is sent on its course through the air, 
"Water could not have been the agent here, nor yet an 
eruption of mud, propelled along the surface by some 
wave of translation, produced by the sudden upheaval of 
the bottom of the sea, or by some great wave raised by an 
earthquake. 

But if water or an eruption of mud could not have pro- 
duced such effects as the longitudinal scratching, let ns ask 
what could have produced them ? There are varioos pro- 
cesses going on around us, by which the scratchings on the 
solid rocks beneath are occasionally simulated with a less 
or greater degree of exactness. In some of our shallow 
Highland fields, for instance, I have seen the rock beneath, 
or the stones buried at the depth of but a few inches from 



BurTace, scarred by tlie plough, with mts not very 
DnHke tlie larger ouea ou tlie etones and rocks of the 
boulder-clay; but in these plough -scarred surfaces the 
IKiliah is wanting'. Again, in some of our eteeper lanes, if 
* fine-grained trap has been used in the pavement, we find 
that it soon polishes and wears down under the iron-amied 
■Jeet of the passengers, and becomes scratched in the line 
■ftf their tread, in a style hot very distinguishable, save 
&r the absence of the deeper furrows, from that of the 
Bcrstchcd and polished rock-pavemcnta of the boulder- 
lay. But I know of only one process by which, on a 
mall scale, all the phenomena of the boulder-clay could 
« produced, more especially, however, the ])henomena of 
ta oblong pebbles scratched in the lines of their longer 
;' and my recollection of that one dates a good many 
s back. When, more than a quarter of a century ago, 
a herring fishery began to be prosecuted with vigor in 
he north of Scotland, many of the Highland wooils of 
jatnral birch and alder were cut down for the inauufactnre 
of baiTels, and fioated in rafts along the rivers to the sea. 
And my opportunities of observing these rafts, as they 
■hot along the more rapid reaches of our mountain streams, 
w swept over their shallower ledges, grazing the bottom 
* they passed, naturally led me to inquire into their oper- 
ations upon the beds of the streams adown which they 
"ere floated. Let us advert to some of these. When a 
••■Se raft of wood, floated down a rapid river, grates 
™l¥ily over some shallow hank of gravel and pebbles 
*wUng on the rock beneath, it communicates motion, not 
*f the roUiiig, but of the lurching character, to the flatter 
'tonos with which it comes in contact. It shdes ponder- 
ir them; and they, with a speed diminished in 
10 torn that of tho moving power in proportion to the 
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degree of friction below or around, slide over the stones 
or rock immediately beneath. And tlius, to borrow my 
tenninology from our Scotch law courts, they are con- 
verted at once into scratcJiers and scratchees. They are 
scratched by the grating, sand-armed i*aft, which of course 
moves quicker than they move ; and they scratch, in turn, 
the solid mass or embedded fragment along which they 
are launched. Further, if the gravelly shoals of the 
stream have, as is not uncommon in the shallows of our 
Highland rivers, their thickly-set patches of pearl mussels, 
many of these could scarce miss being crushed and broken ; 
and we would find not a few of their fragments, if much 
subjected to the friction of the rafting process, rounded at 
their edges, and mayhap scratched and polished like the 
stones. Nor is it difficult to conceive of a yet further 
consequence of the process. A vast number of rafts 
dropping down some river, from day to day and year 
to year, and always grating along the same ledges of sand- 
stone, trap, or shale, would at length very considerably 
wear them down ; and the materials of the wast«, more or 
less argillaceous, according to the quality of the rock, 
would be deposited by the current in the pools and gentler 
reaches of the stream below. Even the continual tread 
of human feet in a crowded thoroughfare soon wears down 
the trfip or sandstone pavement, and converts the solid 
stone into impalpable mud. Further, the color of the 
mud or clay would correspond, as in the thoroughfare or 
public road, with the color of the rocks or stones which 
had been grooved down to form it; and there would 
occasionally mingle in the mass thus originated, rounded 
fragments of shells and pebbles, scratched in the line of 
their lonfjer axis. 

Now, in the boulder-clay wc find all these peculiarities 
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remarkably exemplified, It contains, as hns boea fihown, 
the oblong etonea scratched longitcdinally ; we find it 
fcickly charged in various parta of Scotland, tbough uot in 
a immediate neigbborbood, with worn and rounded 
iragmenta of broken sLells; and wo see it almost invaria- 
bly borrowing its color from tbo rocka on which it rests, — 
) consequence, apparently, of its being the dressings of 
ibese rocks. There is a peculiar kind of clay which forma 
1 the 'surface of a hearthstone or piece of pavement, 
uder the hands of a mason'a laborer engaged in rubbing 
t amooth with water and a polisher of gritty aandatone. 
Thia clay varies in quality and color with the character of 
the atone operated upon. A flag of Arbroath pavement 
lielda a b! a isb -colored clay ; a flag of the Old Red of lioss 
r Forfarshire, a reddish colored clay ; a flag of Suther- 
kndshire Oolite, or of the Upper Old Red of Moray or of 
fifet a pale yellowish clay. The polbhing process ia a 
i which produces clay out of stones, as varioua in 
t as the coloring of the various stones which yield it; 
■1(1 in almost every instance docs the clay thus formed 
ntemble some known variety of the boulder-clay. The 
loiilder-clay, in the great majority of eases, ia, both in 
Wior and quality, just such a clay as might be produced 
If fliifl recipe of the mason's laborer, from the rocks on 
lAiflii it rests. The red sandstone rocks of Moray, Cro- 
, and Ross, are covered by red boulder-clays; a 
tioilar red boiilder-clay overlica the red sandatono rocka 
"rfForferabire ; and I was first apprised, when travelling in 
wfihire some yeai-s b^, that I had entered on the dia- 
rtof the Old Rod, by finding the boulder-clay assuming 
tt« ^miliar brick-red hue. Over the pale Oolites of Suth- 
OWiilehire, as at Bi-ora and Golspie, it is of a pale yellow 
yni, HBd of a yellowish red over the pide Old Red Sand- 
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stones of the long, flat valley known as the ITowe of Fife. 
Again, in the middle and north-western districts of Caith- 
ness, where the paving flagstones so well known in com- 
merce give to the prevailing rocks of the district a sombre 
tint of gray, the boulder-clay assumes, as in the neighbor- 
hood of Wick and Thurso, the leaden color of the beds 
which it overlies; while over the Coal Measures of the 
south of Scotland, as in East and West Lothian, and 
around Edinburgh, it is of a bluish-black tint, — '^exactly 
the color which might be premised, on the polishing the- 
ory, from the large mixture of shale-beds, coal-seams, and 
trap-rocks, which occurs amid the prevailing light-hned 
sandstones of the deposits beneath. Of course, this con- 
dition of resemblance in average color between the rocks 
and the boulder-clays of a district is but of general^ not 
invariable occurrence, — the boulder-clay is not invartabli/ 
the dressings of the rocks beneath. We may occasionally 
find the trail of the rubbings of one tract overlying, in an 
easterly direction, the deposits of a different one ; just as 
we would find the rubbings of variously-colored pieces of 
pavement laid down to form a floor, and then polished, 
square by square, where they lay, encroaching, the debris 
of one square on the limits of another, in the direction of 
the outward stroke of the polisher. 

But while we thus find all the conditions of a raft- 
formed deposit in or associated with the boulder-clay, — 
such as grooved and furrowed rocks beneath, scratched 
and polished stones lined longitudinally inclosed in it, 
accompanied, in not a few instances, by rounded frag- 
ments of shells, and a general conformity in its color to 
that of the rocks on which it rests, — where in natnre 
shall we find the analogues of the producing rafts them- 
selves? A native of Newfoundland, who season after 



LBCTCKB3 ON CEOLOGT. 75 

eason had seen the Arctio icebergs grating heavify along 
he coasts of the island, would experieuce litlle difiiculty 
n solving the riddle. For rafts of wood we have bat to 
Dbstitutc rails of ico, a submerged laud covered by many 
ithoms of water, for the ehallowa of the river of my illua- 
ration, and some powerful ocean can-ent, such as the gulf 
r arctic stream, for the river itself and we at once arrive 
I consistent theory of the boulder-clay and its origin. 
for must we deem it a thing improbable, that a country 
! Scotland, which lies between the fifty-fifth and the 
fty-ninth degree of north hititude, should be visited 
yery year by icebergs. Newfoundland lied from five to 
i|^t degrees to the south of Scotland, and yet its north- 
! included in that vast cake of ice wliioh, 
vhen winter sets fairly in, is found to stretch continu- 
Oosly, though in a winding line, over the surface of the 
I, from Nova Zembla in the Old World, to Labrador 
a the New ; and the drift ice-floea in spring, borne soiith- 
irwds on the Arctic current, brush every season over its 
uothem shores, or ground by hundreds upon its great 
Mnk; nor do they BnaUy disappear until they reacli the 
fijttieth, and, in at least one recorded instance, the thirty- 
Wlh, degree of north latitude. I need scarce remind yon 
that the temperature of a country depends on other causes 
dun its distance from the equator or the pole. The iso- 
Aermal line, or line of mean temperature, of the capital 
tf Icdand, JieiJciamk, in latitude 64, is nearly as high aa 
f St, John's, the capital of Newfoundland, in latir 
! and old Tork, in the fifty-fourth degree of north 
i«iijoyB as much average warmth throughout the 
3?«o Tork, in the forty-first degree. Now, the 
give to countries in the same latitudes 
W$0 strangely different .are known not to be per- 




manent caiises: temperature is found to depend on 1 
disposition of land and sea, and tlie position, not of t, 
geographical pole, which is single and centrical i 
hemisphere, biit of the pole of gi-eatest cold, which, in 
least the northern hemisphere, is double, and not centi 
cal, — Asia having one, and America another; and i^ s 
is generally held, there be a con-espondencc amonntl^ 
almost to identity between the poles of greatest cold a 
the magnetic poles, then these poles are not fixed, I 
OBciDating. Nor are we left to infer on merely geneM 
grounds that the climate of our conntry niai/ have b 
one time greatly more severe than it is now. There i 
also zoological ovidenco that it was greatly more aeve 
It is a cnrious and significant fact, that the group of shl 
found in the boulder-clay, resting over the scratched a 
grooved rocks, and accompanying the scratched and J 
ished pebbles, ia essentially a boreal or semi-arotio gwS 
This little shell from the boulder-clay of Caithnesa—-' 
Trophon scalariformis or Fuaus acalarifonnis, whi 
from its small size, seems to have escaped the fiito ti 
crushed its larger contemporaries into fragments — iai 
now found living on our coasts, though it still exisla. 
considerable abundance in the seas of Greenland ; and b 
end of its neighbors in the clay, such as TeUina proxii 
and A.ataTt6 Sorealis, are of the same northera chai 
Nay, in cases in which the shells of the boulder-clay a 
live in our seas, we find those of a northern character, g 
as the Cyprina Idandicat that, though not rare on I 
shores of Scotland, is vastly more abundant on those 
Iceland, occurring, not in the present British, but in ' 
present Icelandic proportions. The Ci/prina Islandiot 
one of the most common shells of the clay, and, aa- 
name testifies, one of the most common shells of Icela 
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by no mcana ono of the most common shells at 
le present time of our Scottish coaela. The Gfaclla of the 
Hilder-clay correspond in the group, not to the present 
lells of Scotland, but to the present shells of Iceland and 
le Northern Cape. 

Further, we are not left merely to infer that icebei^ 

t0^lld or might have grooved and woi-n down the rocka of 

le country; we learn from Sir Charles Lyell — unquea- 

ionably a competeat observer — that he caught icebei^ 

in the very fact of grooving and wearing dowu 

rocks. In his first work of " Travels through the 

nited States," ho describes a visit which he paid to tho 

I3st of Nova Scotia, near Cape Blomidon : "As I was 

rolling along the beach," he saya, "at the biiso of a lino 

r basaltic cliffs, which rise over ledges of soft sandstone, 

stopped short at the sight of an unexpected phenom- 

^oo. The solitary inhabitant of a dctiert island could 

floarcely have been more startled by a human footprint in 

lie Band than I was on beholding some recent furrows on 

JedgB of sandstone under my feet, the exact counterpart 

of those grooves of ancient date which I have so often 

lUted to glacial action On a recently formed 

IgB I saw several straight furrows half an inch broad, 
ne of them very nearly parallel, others slightly diverg- 
t; and, after walking about a quarter of a mile, I found 
other set of similar furrows, having the same general 
ition within about five degrees ; and I made up my 
id that, if these grooves could not be referred to the 
instrumentality of ice, it would throw no small 
Qubt on tho glacial hypothesis. When I asked my guide, 
peasant of tho neighborhood, whether he had ever seen 
ice on llie spot where we stood, the heat was so ex- 
ive (for we were tn the latitude of the south of France, 
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45 flegrees north) that I seemed to be patting a strange 
question. lie replied, that in the preceding winter [that 
of 1841 J he had seen the ice, in spita of the tide, which 
ran at the rate of ten miles au hoar, extending in one an- 
inten-upted mass from the shore where we stood, to the 
opposite coast of Parrsborough, and that the ice-blocks, 
heaped on each other and frozen together, or packed at 
the foot of Cape Blomidon, were often fifteen feet thick, 
and were pushed along, when the tide rose, over the sand- 
stone ledges. He also stated that fragments of the black 
stone which fell from the summit of the cliff — a pile of 
which lay at its base — were often frozen into the ice, and 
moved along with it. And I have no doubt that the hard- 
ness of these gravers, firmly fixed in masses of ice, which, 
though only fifteen feet thick, are often of considerable 
horizontal extent, has ftirnished sufficient pressure and me- 
chanical power to groove the ledges of soft s^dstone." 

Thus fiir Sir Charles. The boulder-clay is found in 
Scotland from deep beneath the sea-level, where it forms 
the anchoring ground of some of our finest harbors, to the 
height of from six to nine hundred feet along our hill- 
sides. The travelled boulders to which it owes its name 
have been found as high as fourteen hundred feet. Up to 
the highest of these heights icebergs at one time operated 
upon our Scottish rocks. Scotland, therefore, must in that 
icy age have been submerged to the highest of these 
heights. It must have existed as three groups of islands,-— 
the Cheviot, or southern group ; the Grampian, or middle 
group ; and the Ben TVeavis, or northern group. 

Let me next advert to a peculiarity in the direction of 
the icebergs which went careering at this period over the 
submerged land. As shown by the lines and farrows 
which they have graven upon the rocks, their general 
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:, with a few occasional divergences, — effects appa- 
ently, of the line of the greater valleys, — was from west 
3 east. It is further a fact, exactly correspontJent in the 
vidence which it bears, tliat the trap eminences o^ the 
lountry — eniinences of hard rock rising amid districts of 
oft sandstone, or still softer shale — have generally at- 
acliGd to their eastern sides sloping (ali of the yielding 
trata out of which they rise, and which have been washed 
way from all their other sides. Every larger stone iu a 
rater-course, after the torrent fed by a thunder-shower 
38 just subsided, shows, on the same principle, its trail of 
tnd and shingle piled up behind it — sand and shingle 
rhich kept it from being swept away ; and the simple ef- 
sct^ when it occurs on the large scale, is known to the 
eologist as the phenomenon of "Crag and tail," The 
>ck upon which Edinburgh Castle stancls, existing as the 
crag" and the sloping ridge wliich extends fi'om the eas- 
ier outer moat to Holyrood, existing as the tail, may bo 
ited as a familiar instance. We find the same phenom- 
non repeated in the Calton HOI, and in various other 
Eoinencea in the neighborhood ; as also in the Castle Hill 
r Stirling. And in all these, and in many other cases, the 
lit wliich the crag protected is turned towards the east, 
itjioating that the current which in the lapse of ages 

rnped oat the valleys at the sides of the protecting 
i, and in many instances formed, by its eddies, hollows 
n advance of them, just as we find hollows in advance of 
I» larger stones of the water-course of my illastratioii, 
raa a current which flowed from the west. The testi- 
IKWiy of the ice-grooved rocks, and of the eminences 
^lewnposed of crag and tail, bear, we Ree, in this same line. 

Kow, this westerly direction of the current seems to be 
i wbt^, rea&(«iiiig from the permanent phe- 
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1 of nature, might be premised. There must h^ 
been traile winds in every period of the world's history,! 
which the earth revolved from west to east on its S 
'and* with trade winds the accompanying drift < 
And, of consequence, ever since the existence of a j 
western continent, stretching far fi-om south to : 
there ranst have been also a gulf stream. The i 
heaped up gainst the coasts of this western contini 
the equator by the drift current ever flowing westwar 
must have been always, aa now, returning ( 
the temperate zone, to preserve the general levd of t 
ocean's surface. Ever, too, since winter took its ] 
among the seasons, there must have been an arctic current 
The ice and snows of the higher latitudes, that accm 
lated during the winter, must have again melted in s 
and early summer ; and a current must in consequei 
have set in aa the seasons of these came on, just t 
now see such a current setting in, in these seasons, in 
hemispheres, which bears the ice of the antaretic c 
towards the north, and the ice of the arctic circle tax t 
wards the south. The point at which, in the exisUng 9' 
of things, the gulf stream and the arctic cnn-ent come i) 
contact is that occupied by the great bank of 1 
land ; and by some the very existence of the bank 1 
been attributed to their junction, and to the vast accm 
lation of gravel and stone cast down year after year f 
the drift ice to the bottom, where these two great t 
meet and jostle. Be this as it may, the number of b 
dera and the quantity of pebbles and gravel strewed o 
the bottom of the western portions of the Atlantic, ii 
line of the arctic current, from the confines of Baffin's 
np to the forty-fifth degree of north latitude, must be a 
gether enormous. Captain Scoreshy counted no fen 



c circle i 
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than five hundred ioebei^s Betting out on their sonthem 
Toyage on the ai'ctic current ;it one time. And wherever 
ithpre are shallowa on which these vast massea caleh the 
ibottom, or grate over it, — shallows of from thirty to a 
hnndred fathoms water, — we may safely premise that at 
■the preaont tiaio tbero is a bouMer-clay in the course of 
£>rniation, with a scratched and polished surface of rock 
lying heueath it, and containing numerous pebbles and 
iboulders striated longitudinally. That the point where 
|tbe golf and arctic currents come in contact should now 
|ie BO far to the west, ia a consequence of the present dia- 
poBition of the arctic and western continents, — perhaps 
!ako of the present position of the magnetic pole. A dif- 
ferent arrangement and position would give a different 
point of meeting ; and it is as little improbable that tbgy 
ifaould have met in the remote past some two or three 
limdred miles to the west of what is now Scotland, as that 
I the existing period they should meet some two or three 
nndred miles to the east of what is now Newfoundland. 
he northern current would be deflected by the more pow- 
ful gttif stream into an easterly course, and would go 
reeping over the submerged land in the direction indi- 
ited by the gi-ooves and scratches, bearing with it every 
ning its many thousand gigantic icebergs, and its fields 
' sheet-ice many hundred square miles in extent. And 
led beneath with great pebbles and boulders, or 
tniling many such resting at the bottom, by grinding 
leavily along the buried surface, — like the rafts of my 
llastration along the bed of tlie river, — would gradually 
T down the upper strata of the softer formations, leav- 
the clay which they had thus formed to be deposited 
r, and a httlc to the east of, the rocks that had pro- 
dnoed it. It ia further in accordance with this theory, that 
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in Scotland generally, the deeper deposits of the bonlder- 
clay occur on the eastern line of coast. The cutler, in 
whetting a tool with water on a flat Turkey stone, drives 
the gray, milky dressings detached by the friction of the 
steel from the solid mass, to the end of the stone farthest 
from himself, and there they accumulate thick in the direc- 
tion of the stroke. And so it is here. The rubbings of 
the great Scotch whetstone, acted upon by the innumer- 
able gravers and chisels whetted upon it, and held down 
or steadied by the icebergs, have been carried in the east- 
erly direction of the stroke, and deposited at the ^rther, 
that is to say, the eastern, end of the stone. 

But fearing I have akeady too much trespassed on your 
time and patience, I shall leave half told for the present 
tlie story of the Pleistocene period in Scotland. I^ in- 
stead of presenting it to you as a piece of clear, condensed 
narrative, I have led you darkly to grope your way 
through it by a series of fatiguing inductions, you will, I 
trust, sustain my apology, when I remind you that this 
dreary ice-epoch in the history of our country, still forms 
as debateable a terra incognita to the geologist as the 
dreary ice-tracts which surround the pole do to the ge- 
ographer. We have been threading our twilight way 
through a difficult North- West Passage ; and if our prog- 
ress has been in some degree one of weariness and fatigue, 
we must remember that without weariness and fatigue no 
voyager ever yet explored 

" The ice-locked secrets of that hoary deep 
"Where fettered streams and frozen continents 
Lie dark and wild, beat with perpetual storm 
Of whirlwind and dire hail." 

" We might expect," says Professor Sedgwick, "that as we 
come close upon living nature, the characters of our old 



LECTURES ON GEOLOGY. 83 

records would grow legible and clear. But just where we 
begin to enter on the history of the physical changes going 
on before our eyes, and in which we ourselves bear a part, 
our chronicle seems to fail us: a leaf has been torn out 
■Groia Nature's book, and the succession of events is almost 
hidden from our eyes." Now, it is to this age of the drift- 
gravels and the boulder-clay that ' the accomplished Pro- 
fessor here refers, as represented in the geologic record by 
a torn page ; and though we may be disposed to view it 
rather as a darkened one, — much soiled, but certainly not 
awanting,' — we must be content to bestow on its dim, half- 
obliterated characters, more time and care than suffice for 
the perusal of whole chapters in the earlier books of our 
history. And so, casting myself on your forbearance, I 
shall take up the unfinished story of the Pleistocene period 
in Scotland in my next address 
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Probkm iirst propounded to the Author in a Quarry —The Quarry^s Two Depos- 
its, 0!d Red Sandstone and Boulder-Clay— The Boulder-Clay formed while the 
Land was subsiding — The Groovings and Folishings of the Bocks in the Lower 
Tarts of the Country evidences of the fkct— Sir Charles Lyell*B Observations 
on the Canadian Lake District— Close of the Boulder-Clay Record in Scotland 
—Its Coutiuuanoe in England into the Fliocene Ages— The Tzees and Animals 
of the Trc-GIacial Periods— Elephants* Tusks found in Scotland and England 
regarded as the Remains of Giants— Legends concerning them— Marine De- 
posits beneath the Pre-Glacial Forests of England — Objections of Theologians 
to tbe Geological Theory of the Antiquity of the Earth and of the Human 
Bace considered- Extent of the Glacial Period in Scotland — Evidences of 
Glacial Action in Glencoe, Gareloch, and the Highlands of Sutherland — Sce- 
nery of Scotland owes its Characteristics to Glacial Action — Tbe Period of 
Elevation which succeeded the Period of Subsidence — Its Indioaticms in 
Baised Beaches and Subsoils— How the Subsoils and Brick Clays were formed 
— Their Economic Importance— Boulder-Stones interesting Features hi the 
Landpcape — Tlicir prevalence in Scotland— The more remarkable Ice-trav- 
elled Boulders described — Anecdotes of the " Travelled Stone of Petty ** and 
the Standing Stone of Torribal — Elevation of the Land during the Poet-Ter- 
tiary Period which succeeded the Period of the Boulder-Clay — The Alpine 
I'lants of Scotland the Vegetable Aborigines of the Country — Panoramic 
View of the Pleistocene and Post-Tertiary Periods— Modem Soienoe not 
adverse to the Development of the Imaginative Faculty. 

I REMEMBER, OS distinctly as if I had quitted it but yes- 
terday, the quarry in which, some two-and-thirty years 
ago, I made my first acquaintance with a life of toil and 
restraint, and at the same time first broke ground as a 
geologist. It formed a section about thirty feet in height 
by eighty or a hundred in length, in the front of a furze- 
covered bank, a portion of the old coast line ; and pre- 
sented an under bar of a deep-red sandstone arranged in 
nearly horizontal strata, and an upper bar of a pale-red 



roiiglieQGd by projecting pebbloa and boulders. Both 

(sits at tlie time were almost equally unkoown to tbe 

ogist. The deep-red sandstone beneath formed a por- 

of that ancient Old Red system whieh represents, as 

now known, the second great period of vertebrate exist- 

i oar planet, and which haa proved to the palieon- 

ogist fio fertile a field of wonders: the pale clay above 

a deposit of the boulder-clay, resting on a grooved 

d furrowed Borface of rock, and containing in abundance 

scratched and polished pebbles. Old Red Sandstone 

t boulder-c!ay ! a broad bar of each; — such was the 

ipound problem propounded to me by the Fate that 

pped me in a quarry ; and I gave to both the patient 

,dy of years. But the older deposit soon became frank 

i commnnicativc, and yielded up its orgaoisnia in abun- 

ice, which furnished me with many a curious little anee- 

e of their habits when living, and of the changes which 

1 passed over them when dead; and I was enabled, 

'h little assistance from brother geologists, to give a hia- 

y of the system to tbe world more than ten years ago. 

e boulder-clay, on the contrary, remained for years in- 

jibly silent and sullen. I remember a time when, after 

ring a day under its barren scaurs, or hid in its precip- 

iB ravines, I used to feel in the evening as if I had been 

.veiling under the cloud of night, and had seen nothing. 

Vas a morose and taciturn companion, and had no speu- 

ition in it, I might stand in front of its curved preci- 

red, yellow, or gray (according to the prevmling 

of the rocks on which it i-oated), and might mark 

water-rolled honlders of all kinds and sizes sticking 

It in bold relief from the surface, like the protuberances 

roDghen the rustic basements of the architect ; but I 

no " Open Sesame " to form vistas through them into 
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the recesses of the past, ^ud even now, when I hay^ 
I think, begun to understiind the boulder-clny n little, a 
it haa become sociable enough to indulge me with ( 
eional glimpses of its early history in the old glacial period 
— glimpses of a h;ilf-sub merged land, and an iceberg-mol 
tied sea, tui-bid with the comminuted debris of the i 
below, — you will see how very much I have had to boiroi 
from the labors of others, and that, in worming my WM 
into its secret, there are obscure recesses within its pw 
cincts into which I have failed to penetrate. Let ns noi^ 
however, resume its half-told story. 

There are appearnnces which lead us to conclndp^ thi 
during the formation and deposition of the boulder-ela}l 
what is now Scotland was undergoing a gradual e 
ence, — gradually foundering amid the waves, if I may m 
speak, like a slowly-sinking vessel, and presenting, as c 
tury Hucceeded century, hills of lower and yet lower aUj 
tude, and an ever lessening area. I was gratified to find 
th.it when reasoning out the matter for myself, and ! 
ing at this conclusion fi'om the examination of one Epecid 
set of data, Mr. Charles Darwin was arriving at the sat 
conclusion from the consideration of a second and entirely 
different set ; and Sir Charles Ly ell — from whom, on tlrt'i 
publication of ray views in the "Witness" newspaper SOOMJ 
four years since, I received a kind and interesting note 
the subject — had also arrived at the same conclusion-^ 
North America being the scene of his observations — fi 
the consideration of yet a third and equally distinct a 
And in the "Geological Journal" for the present year,fl 
find Mr. Joshua Trimmer and Mr. Austin arriving, ; 
evidence equally independent, at a similar finding. Wr 
have all come to Infer, in sliort, that previous to the Drift 
period the land had stood at a comparatively high level, — 
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})erhaps higher than it does now; that ages of depression 
)n, during which the land sank ma,ny hundred feet, 
and the sea, rose high on the hilt-sideB ; and that dunng 
these ages of depression the boulder-clay was formed. 
Let me state briefly some of the considerations on which 
we found. 

The bonlJer-clay, I thus reasoned with myself, is gener- 
ally found to OTcrlie more (lee]ily the lower parts of the 
country than those liigher parts which approach its upper 
limit; and yet the i-ocka on which it reals, in some local- 
ities to the depth of a hundred feet at even the level of 
the sea, bear as decidedly their groovings and polishings 
i those on which, eight hundred feet over the sea-level, 
it reposes to but the depth of a yard or two. Now, had 
a rising l.ind been subjected piecemeal to the grinding 
action of the icebergs, this would not have been the case. 
The higher rocks fii-st subjected to their action would of 
course bear the groovinga and furrowinga; but the argil- 
'laceoQS dressings detached from them in the process, mixed 
'vitb the stones and pebbles which the ice had brought 
'Along with it, would necessarily come to be deposited in 
the form of boulder-clay on the lower rocks ; and ere these 
lower rocks could be brought, by the elevation of the 
land, within reach of the grinding action of the icebergs, 
they would be so completely covei-ed up and shielded by 
tbe deposit, that the bei^s would fail to come in contact 
vith them. They would go sweeping, not over the rocks 
< tliemselves, but over the clay by which the rocks had been 
covered up; and so we may safely infer that, had the 
boBlder-<ilay been formed during an elevating period, the 
wer rocks, where thickly covered by the clay, would not 
t scratched and grooved as we now find them, or, where 
iRsratdied and grooved, would not be thickly covered by 
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tlie clay. The exialing phenomena, deep grooves i 
polished strite, on rocks overlaid at the present se.i-le 
to a great depth by the boulder-clay, demand for the 
production the reverse condition of a einkiug land,ij 
which the lower rocks are first subjected to the action a 
the icebergs, and the higher rocks after them. The qua 
rier, when ho has to operate on some stratum of roek oa; 
tiill-side, has to commence his labors below, and to tht 
tiie rubbish which he forms behind him, leaving an o] 
face in front; for, were he to reverse the process, nnd c( 
mence ahows, the accumulating debris, ever seeking dowi 
wards, would at length bo choke up the working as 1 
arrest his labors. And such, we infer from the work doB 
must have been the eoui'se of operations imposed by t 
conditions of a sinking land on the icebergs of the glac 
period ; they began their special course of action at t 
hill-foot, and operated upon its surface upwards as 1 
sea arose. Ag.iin, Mr. Darwin's reasonings were mtui 
fonnded on the significant fact, that in numerous instant 
travelled bouldere of the ice period may be found on lev4 
considerably Iiigher than those of the rocks from whi 
they were originally torn. And though pases of tran^ 
from a lower to a higher level could and would take pla 
during a period of subsidence, when the sea was ri^iig <a 
the land sinking, it is impossible that it could have taki 
jilace during an elevating period, when the sea i 
ing or the land rising.' A flowing sea, to use 
illustration, frequently carries shells, pebbles, and sea-we^ 
from the level of ebb to the level of flood; — it brii 
them from a low to a high level: whereas an ebbing a 

1 See Mr. Trimmer's lost paper on Boulder-Cliiys, " Journal of iLb ( 
logical Sodety,'' May, la'S. p. 171. — W. S, 



eon but itvei-se tlic process, by briuging them from a high 
■level to .1 low. 

r the facts and reasonings of Sir Charles Lyell on the 
Biibject I must refer yon — as they are incapable of being 
abridged without beipg injured — to thsit portion of hia 
first work of Trnvels in America which treats of the Cana- 
dtan Lake District. But the foilowing are his conclusions : 
*^^irst" he says, " the country acquired its present geo- 
graphical configuration, so far as relates to the older rocks, 
ander the joint influence of elevating and denuding oper- 
ations. Second!}/, a gradual submergence then took place, 
"bringing down each part of tbe land successively to the 
level of the waters, and then to a moderate dejith below 
them. Large islands and berga of floating ice came from 
the north, which, as thoy grounded on the coast and on 
riioals, pushed along all loose materials of sand and peb- 
Wes, broke off all angular and projecting points of rock, 
sad, when fragments of hard stone were frozen into their 
lower surfaces, scooped out grooves in the subjacent solid 
^rtrata. Thirdly, after the surface of the rocks had beea 
amoothed and grated upon by the passage of innumerable 
Scebei^ the clay, gravel, and sand of the Drifl were de- 
|K>sited ; and occasionally fragments of rock, both large 
Bnd small, which had been frozen into glaciers, or taken 
Bp by coast-ice, wore dropped here and there at random 
Jwer tbe bottom of the ocean, wherever they happened to 
»e detached from the melting ice. Finally, the jicriod of 
•Slevation arrived, or of that intermittent npward move- 
ment in which the old coast lines were excavated and the 
ancient sand bars or osars laid down." Such arc the con- 
vluaiona at which Sir Charles Lyell arrived a few years 
Unce respecting the Canadian Lake District; and ho 
1 the note to which I have referred, that he haa 
8* 
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ever since been ap]j]ying them to Scotbiinl. Our connti 
during t!ie chill and Jre.-iry period of the boulder-cla; 
Beems to have been settling down into the waves, like 
veaael of some hajiless Arctic explorer struck by the 
in middle ocean, and sinking by inches amid a wild scei 
of wintry desolation. 

There arc a few detached localities in Scotland wl 
the remains of beds of atratiiied sand and gravel haV 
been detected underlying the bonlder-clay ; and in aor 
of these in the valley of the Clyde, Mr. Smith, of Jorda 
hill, found, on a late occasion, sheila of the Bame sen 
arctic ch.iracter as those which occur in the day itsc 
And with, these stratiiied beds the record in Scotlan 
doses; whereas in England we find it earned intei 
ingly onward from the Pleistocene peiiod, first into t 
newer, and then into the older, Pliocene .igos, I stab 
incidentally iii my foi'mer address, that some of the moss 
of the sister kingdom, unlike those of our own couoti 
are older than the Drift period ; and, from the existence i 
these under the Drift gravels and brown clay, it has be 
infen-ed by Mr. Trimmer, that as the trees which ent 
into their composition grew npou the surface of what 
now England, where they now lie, previous to the peri) 
of the boulder-clay, and as the boulder-clay is, as show 
by its remains, decidedly marine, it must have been depo 
ited during a period of depressuon, when what had been 
fn rest-bearing surface was lowered beneath the level oft 
sea. None of the trees of these ancient pi-e-glacial fore 
seem to be of extinct species; the birch and Scotch 
are among their commonest forms, especially the fir. 
find it stated, however, as a curious fact, that along wi 
these, the Abies Excelsa, or Norwegian spruce-pine, 
foood to occur, — a tree which, though introduced by m 



nto our country, and now not very rare in our woods, has 
lot been of iiit2i(/enous growth io any Biitish foitst since 
lihe times of the boulder-clay. Though the Bpeuics con- 
linned to live in Norway, it became estinct in Britain; 
ind it lias been suggested, that aa it was during the Drift 
period that it disappsared, it may liave owed its extirpa- 
tion to the depression of the land, while its contemponuiea 
the birch and fir were preserved on our nortliera heights. 
When this Korwcgian pine floiiriahed in Britain, the island 
Was inhabited by a group of quadrupeds now never seen 
associated, save perhaps in a meuagerie. Mixed with the 
s of animals still native to our countiy, such as the 
Mer, the badger, and thotred deer, there have been found 
fteletons of the Lagomy, or tailless hare, now an inhab- 
tant of the cold heights of Siberia, and horns of the i-ein- 
ieer, a species now restricted in Europe to northern 
Scandinavia, and tho.<e inhospitable tracts of western 
Russia that border on the Arctic Sea. And with these 
ttoreal forms there were associated, aa shown by their bonea 
and tnsVa, the elephant, the rhinoceros, and the hippopota- 
'luas, — ail, however, of extinct species, and fitted for liv- 
ag nuder widely different climatal conditions from those 
sential to the well-being of their intertropical congeners.' 
K>tland, though it has proved much less rich than Eng- 
ntdin the remains of the early Pleistocene niammals, has 
nraished a few well-atteated elephantine fossils. In tho 
tainmer of 1821, in the course of cutting the Union Canal, 
there was found in the boulder-clay near Falkirk, on tlie 
CSifton Hall property, about twenty feet from the surface, 

'Tietmo mammolh, with llie lichorine rhinoccroa nnd tliemunkbuF- 
fito, aro tha leadins types of the ranmninlifln raniin of the Glaciiil Drift 
^rh. The remnlns of *iiv»ipoMmt« wonlil lie wnshcd oat of older bed*. 
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ft large poi"tion of the tnsfe of an elephant, three feet tl 
inches in length, and thirteen inches in circumference ; 
snch was its state of keeping when first laid open, that I 
was sold to an ivory-turner by the laborera that fonnJ i 
and was not reacned from his hands until a portion of 9 
had been cut up for chesBraen. Two other elephantf? 
luska wei'e found early in 1817, at Kilinaui's,^ in Ayrshire, 
on a property of the Earl of Eglinton, — one of them bo 
sorely decayed that it could not be removed ; but a portion 
of the other, with the rescued portion of the Falkirk tna^ 
may be seen in the Museum of onr Edinburgh UniversitJ 
which also contains, I may here mention, the horn of' 
rhinoceros, found at the bottom #f a moi-ass in ForfarahiK 
but which, in all probability, as it stands alone among t 
organisms of our mosses, had been washed out of so4 
previously formed deposit of the Drift period. Scotlad 
seems to have furnished several other specimens of ell 
pbantine remains; but aa they were brought to light iA 
agea in which comparative anatomy was unknown, am 
men believed that the human race bad been of ' 
strength and stature in the primeval ages, but were 
sinking into dwarfs, tlicy were regarded as the remains < 
giants. Some of the legends to which the bones of thel 
supposed giants served to give rise in England, oocnpjF 
place in the firet chapter of the country's history, as Ic 
by the monkish chroniclers, and have their grotesque h 
widely-known memorials in Gog and Magog, the woodl 
giants of Guildhall : our Scottish legends of the same tH 
are less famous; but to one of their number — cliaT]gl 

1 At a Inter period (Deramber 18-33), slralliir clcjihantlne task* WW 
fbond thtrty-rour feet l>ei]ca.th tbo aarfacc, in bouliJur-day overlylnK II 
quarry of Gre^'itiMI, nlso In KllmimrB piirisli; and tbey may ni 
Jn the Hunlcrinn Miisi^nm, Glndgow. 
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pith nn argument in behalf of the teiaperance cause of 
vhich our fiieiuis the teetotalers have not yet QTailed 
is — I may be permitted briefly to refer, in the 
woiiia of one of our elder historians. "lu Murray land," 
snys the believing Hector Eoece, "is the Kirkc of Pette, 
j]tihare the bones of Litell Johnc i-emainis in gi-et admira- 
tjou of pepill. He hes bene fourti^ne feet of hicht., wiih 
iBquaire niembres efltring ihairto- Six yeira afore the 
coming of this work to licht (1520), wo saw his hencho 
ftane, as meikle aa the haijl banes of aiie manne; for wo 
ichot our arrae into the raouthe thairof ; be quhilk nppoirs 
T Strang and squaire pepill greu in oure regeoun afore 
[hay were effeniinut with lust and intemperance of mouthe." 
Under these pre-glacial forests of England there rests a 
I deposit, rich in shells and quaiiiiipedal remains, 
inown as the Norwich or Manimaliferous Crag; and be- 
leath it, in turn, lie the Red and Coralline Crags, — raem- 
ters of the Pliocene period. In the Mamniahrerous Crag 
itere appear a few extinct shells, blent with shells still 
nmmon on our coasts. In the Red Crag the number of 
ctinct specica greatly increases, rising, it is now estimated, 
) thirty per cent, of the whole ; while in the Coi"alline 
tag the increase is greater still, the extinct shells averag- 
iig about forty per cent,' In these deposits some of our 
; known molluscs appear in creation for the Grst time. 
[he common edible oyster (Ostrea edulis) occui-s in the 
Mrftlline Crag, but in no older formation, and with it the 
eat pecten {Pecten maximus), tlie horse mussel {Modi- 
% vulffariK), and the common whelk {Buccin-um unda- 
m). Other equally well-known shells make tlieir adrent 

L Tlie kDOWn species of shells In tbe CoratUno Cni<; amount to Direa 
inilnjil and forty. Of thotc, seventy-three are livfnj; Brilish species. 
It Woodwwd'n " Manunl," piirt ill. p. 421. — W. S. 
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at a BtUl later period ; tfae common musacl (Mi/lffiu a 
ft's), the common ] n'ri winkle (JLittorina Htlorea), and, 
Bntain at least, llie dog-whelk (Purpura lapiUua), £ 
appear in the overlying Red Crag, and are not known j 
the older Coralline formation. By a certain very extendi 
period, represented by the Coralline Crag, the edible oyrt 
seems to be older than the edible muBsel, and the comm 
whelk than the common periwinkle; and I call your v\ 
cial attention to the f^ict, as repi'csentative of a numero 
cfa«« of geological facts that bear on certain questions 4 
a semi-theological character, occasionally mooted in 1 
religious periodicals of the day. There are few theolfl 
gians worthy of the name who now hold that the deduQ 
tions of the geologists regarding the earth's antiquity s 
at variance with the statements of Scripture respect 
its first creation, and Bubsequent preparation for mai 
But some of tbcm do seem to hold that the schena 
reconciliation, found sufficient when this fact of the ei 
antiquity was almost the only one with which we had. 
grapple, should be deemed sufficient still, when sciences 
its onward progress, has called on us to deal with this n 
fact of the very unequal antiquity of the plants and a 
mals still contemporary with man, and with the fui 
fact, that not a few of them must have been li\-ing n| 
the earth thousands of years ere he himself was ushe 
upon it, — facts of course wholly incompatible with \ 
scheme of interpretation that would fix the date of tJ: 
first appearance only a few natural days in advance of t 
of his own. We have no good reason to hold that 
human species existed upon eaith during the times of 
boulder-clay : such a belief would conflict, as shown by 
antiquity of the ancient and existing coast lines, witU 
received chronologies of the race. But long prerions 
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these times, the Norwegian spruce pine and the Scotch fir 
■wfi-e natives of the pre-glacial forests of onr conntry; at 
even an earlier period the common periwinkle and edible 
mnssel lived in the seas of the Red Crag deposits; and at 
a still eariier time, the great pecten, the whelk, and the 
oyster, in those of the Coralline Crag. We can now no 
more hold, as geologists, that the plants and antmula of 
the existing creation came into being only a few hours 
or a few days previous to man, than that the world itself 
came into being only six thousand years ago ; and we do 
think we have reason to complain of theologians who, 
ignorant of the facts with which we have to deal, and in 
no way solicitous to acquaint themselves with them, set 
themRolves coolly to criticiKe our well-meant endeavors to 
reconcile the Scripture nairativo of creation with the more 
recent findings of our science, and who pronounce them 
inadmissible, not because they do not efibct the desired 
t leeondlifttion, but simply because they are new to theol- 
They should remember that the diJficitUij also is 
Jew to theology; that enigmas cannot be solved until 
are first propounded ; that if the riddle be in reality 
V one, the answer to it must of necessity be new hke- 
; and as this special riddle has been submitted to the 
I'gec^Ogists when the theologians were unaware of its exist- 
1 itice, it must not be held o. legitimate objection, tliat geolo- 
S,who feel that they possess, as responsible men, a stake 
I& the qaestiou, sliould be the first to attempt solving it. 
% bowever, it be, as I suspect, with our facts, not with our 
9 of reconciliation, that the quarrel in reality lies, 
t-if it be, in particular, with the special fact of the une- 
tl xntiquity of the existing plants and animals, and the 
nporatively recent introduction of man, — I would fain 
I the objectora to examine ere they decide, and not 
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rashly and io ignorance to commit themselves agnilH 
truths which every day must render more paljiable a 
clear, and which are destined long to outlive all cavil a 
opposition. 

With respect to the antiquity of our race, we have, i 
have said, no good grounds to believe that man esJsto 
upon the earth during what in Britain, and that portio 
of the continent which lies under the same lines of lat 
tude, were the times of the boulder-clay and Drift gravd 
None of the human remains yet found Seem more ant 
than the historic period, in at least the older nations ; 
now held that the fiimous skeletons of Guadaloupe 1 
longed to men and women who must have lived since ti 
discovery of America by Colnrabua; and if in other parts 
of tbe world there have been detected fragments of the 
human frame associated with those of the long extinct 
animals, there is always reason to conclude that they owe i 
such proximity to that burying propensity to which I hsi 
already adverted, or to accidents resulting from it, and no) 
to any imaginary circumstance of contemporarily of e 
ence. If man buries his dead in the Gault or the LondM 
Clay, human remains will of course be found mint 
those of the Gatilt or the London Clay; but the evidei^ 
furnished by any such mixture will merely serve to Bha( 
not that the existences to which the remains belonged li 
lived in the same age, but simply that they had I 
deposited in the same formation. Nor can I attach mo< 
value to tbe supposed historic records of countries sudi M 
Egypt, in which dynasties are represented aa having flotd 
ished thousands of years ere the era of Abraham, 
chronicles of all nations have their fabulous introduct 
portions. No one now attaches any valne to the reeoi 
of tbe eighty kings that are said to have reigned in Sec 



laniil between the tiniea of Fergus the First and Constnn- 
tjne the Bold ; or to thiit portion of old English history J 
which treats of the dynasty of Brutus the Pariicide, or I 
his wars with the giants. All the ancient histories havp, 1 
3a Buchanan tells us, in disposing of the English claims, 
tlieir beginnings obscured by fable ; nor is it probable that J 
the Egyptian history is an exception to all the others, or I 
that its laboriously inscribed and painfully interpreted j 
hieroglyphics were more cxclnsively devoted to the re-" j 
€K>rding of real events than characters simpler of forni and 1 
easier of perusal. If, as some contend, man has been a I 
denizen of this world for some ten or twelve thousand I 
years, what, I would ask, was ho doing the first five or air I 
thousand? It was held by Sir Isaac Newton, that the 
^ecics must have been of recent introduction on earth, 1 
seeing that all the great human discoveries and inventions, 
snch as letters, the principles of geometry and arithmetic, I 
printing, and the mariner's compass, lie within the historic 
■period. The mind of man could not, ho inferred, have j 
been very long at work, or, from its very constitution, it I 
-would have discovered and invented earlier; and all hia- I 
tory and all archieological research bear out the inference I 
of the philosopher. The older civilized nations He all I 
.iroond the original centre of the race in Western Asia; I 
"nor do we find any trace of a great city older than Nine- I 
"Teh, or of ii great kingdom that preceded in its rise that I 
of Egypt. The average life of great nations does not i 
>axceed twelve, or at most fifteen, hundred yeara ; and the 1 
Ant great nations wore, we find, living within the memory I 
letters. Geology, too, scarce less ceitainly than Reve- I 
ion itself, testifies that the last-born of creation waa I 
m, and that his appearance on earth is one of the most | 
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recent events of which it submits the memorials to its 
votaries. 

But to return: The glacial or ice period in Scotland 
seems to have extended from the times of the stratified 
beds, charged with sub-arctic shells, which underlie the 
boulder-clay, until the land, its long period of depression 
over, was again rising, and had attained to an elevation 
less by only fifty or a hundred feet than that which it at 
present maintains. Such is the height over the sea-level, 
of the raised beach at Gamrie in Banfishire ; and in it the 
arctic shells last appear. And to the greatly-extended 
sub-arctic period in Scotland there belong a class of ap- 
pearances which have been adduced in support of a glacial 
as opposed to an iceberg theory. But there is in reality no 
antagonism in the case. After examining not a few of 
our Highland glens, especially those on the north-western 
coast of the country, I have arrived at the conviction, 
that Scotland had at one time its glaciers, which, like those 
of Iceland, descended along its valleys, from its inland 
heights, to the sea. And as in most cases certain well- 
marked accompaniments of the true glacier, such as those 
lateral and transverse moraines of detached rock and 
gravel that accumulate along their sides and at their lower 
terminations, are wanting in Scotland, it is inferred that 
gi*eat currents must have swept over the country since the 
period of their existence, and either washed their moraines 
away, or so altered their character and appearance that 
they can be no longer recognized as moraines. Of course, 
this sweeping process might have taken place daring that 
period of profound subsidence when the boulder-clay was 
formed, and in a posterior period of more partial subsidence, 
which is held to have taken place at a later time and un- 
l der milder cliraatal conditions, and which is said to have 
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rouglit down the land to its present level from a conaidera- 
bly higher one. In many localities there rests over the true 
boulder-clay an argillaceous or gravelly deposit, in which 
$he masses and fragments of rock are usually angalar, and 
irhich, even where the boulder-clay is shcU-bcaring, con- 
tains no shells. There are other localities in which a aim- 
JIht deposit also underlies the boulder-clay; and these 
deposits, opper and lower, are in all probability the debris 
of glaciers that esisted in our country during the ice era, 
- the lower deposit being the debris of glaciers that had 
existed previous to the glacial period of subsidence, and 
[be upper that of glaciers which had existed posterior to 
t, and when the land was rising. The evidence is, I thinly 
lonolusive, that glaciers there were. I examined, during 
ibe autumn of last year, the famons Glencoe, and can now 
mtertain no more doubt that a glacier once descended 
llong the bottom of that deep and rugged valley, filling it 
ip from side to side to the depth of from a hundred and 
ifly to two hundred feet, than that an actual glacier de- 
icends at tho present day along tlie valley of the Aar or 
F the Grindelwald. The higher precipices of Glencoe are 
lipong the most rugged in the kingdom : wo reach a cer- 
ain level; and, though no change takes place in the qual- 

f of the rock, all becomes rounded and smooth, through 
be agency, evidently, of the vanished ice river, whose old 

e of surface wo can still point out fi-om the continuous 
nark on tho sides of precipices, beneath which all is smooth, 

1 above which all is rugged, and whose scratchings and 
croovings we can trace on the hard porphyry descending 

vardfi the Atlantic, even beyond where the sea occupies 

e bottom of the valley. The hnes and grooves running 
a rcvei-ae direction to those of the icebergs, for their 

owe ia towards the west, are distinctly discernible aa far 
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down as Ballachulish ferry. Similar marks of a great gla- 
cier in the valley of the Gareloch have been carefully 
traced and shrewdly interpreted by Mr. Charles M'Laren. 
But nowhere have I seen the evidence of glacial action 
more decided than in the Highlands of Sutherland, over 
which I travelled last August more than a hundred and 
fifty miles, for the purpose of observation. There is scarce 
a valley in that wild region, whether it open towards the 
northern or western Atlantic, or upon the German Ocean, 
that in this ungenial period was not cumbered, like the 
valleys of the upper Alps, by its burden of slowly descend- 
ing ice. Save where, in a few localities on the lower slopes 
of the hills, the true boulder-clay appears, almost all the 
subsoil of the country, where it has a subsoil, is composed 
of a loose, unproductive glacial debris; almost every 
prominence on the mountain-sides is rounded by the long- 
protracted action of the ice; and in many instances the 
surfaces of the rocks bear the characteristic groovings and 
scratchings as distinctly as if it had performed its work 
upon them but yesterday. Let me, however, repeat the 
remark, that the iceberg and glacial theories, so far from 
being antagonistic, ought rather to be regarded as equally 
indispensable parts of one and the same theory, — parts 
which, when separated, leave a vast amount of residaal 
phenomena to puzzle and perplex, that we find fully ac- 
counted for by their conjunction. And why not conjoin 
them? The fact that more than four thousand square 
miles of the interior of Iceland are covered by glaciers, is 
in no degree invalidated by the kindred fact that its shores 
are visited every spring by hundreds of thousands of ice- 
bergs. 

The glaciers of Scotland have, like its icebergs, contrib- 
uted tlioir distinctive quota to the scenery of the country. 



TJie Bmoothed and rounded proniinencca of the hills, bare 
and gray amid the sciinty heath, and that ottcn after a sud- 
den shower gleam bright to tho sun, like the sides and 
bowa of windward-beating vcsaela wet by the spray of a 
gale, form well-marked features in the landscapes 
of the north-western parts of Sutherland and Ross, espeo- 
ially In the gneiss and quai-tz-rock districts. The lesser 
islets, too, of these tracts, whether they rise in some soli- 
tary lochan among the hills, or in some arm of the sea 
that deejily indents the coast, still bear the rounded form 
originally communicated by the ice, and in some instances 
remind the traveller of huge whales heaving their smooth 
backs over the biine. Further, we not unfi'cquently sec 
the general outline of the moantaina affected; — all their 
peaks and precipices curved backwards in the direction 
vsftence the glacier descended, and more angular and ab- 
rapt in the dii'ection towards which it descended. But 
hose groups of miniature hills, composed of glacial 
debris, which so fi.-equently throng the openings of onr 
Highland valleys, aud which Burns so graphically describes 
a single line as 

" IBllocha dropl in Naturo's careless liasie," 

that perhaps the most pleasiag remains of our ancient glar 
are to he found. They seem to be modified moraines, 
and aeaally affect regular foi-ms, resembling in some in- 
stances the roofs of houses, and in some the bottoms of 
nptnmed ships; and, grouped thick together, and when 
amhmgoous with the graceful birch, or waving from top to 
with the light fronds of the lady-fern and the bracken, 
tkey often comj)ose scenes of a soft and yet wild loveli- 
ness, from which the landscape gardener might be content 
to borrow, and which seem to have impressed in a very 
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early age the Celtic imagination. They constitute the 
fairy Tomhans of Highland mythology ; and many a curi- 
ous legend still survives, to tell of benighted travellers 
who, on one certain night of the year, of ghostly celebrity, 
have seen open doors in their green sides, whence gleams 
of dazzling light fell on the thick foliage beyond, and have 
heard voices of merriment and music resounding from 
within; or who, mayhap, incautiously entering, have lis- 
tened entranced to the song, or stood witnessing the 
dance, until, returning to the open air, they have found 
that in what seemed a brief half hour half a lifetime had 
passed away. There are few of the remoter valleys of the 
Highlands that have not their groups of fairy Tomhans, 
— memorials of the age of ice. 

After the lapse of ages — but who can declare their 
number? — the period of subsidence represented by the 
boulder-clay came to a close, and a period of elevation 
succeeded. The land began to rise ; and there is consid- 
erable extent of superficial deposits in Scotland which we 
owe to this period of elevation. It is the main object of 
the ingenious work of Mr. Robert Chambers on Raised 
Beaches to show that there were pauses in the elevating 
process, during which the lines against which the waves 
beat were hollowed into rectilinear terraces, much ,broken, 
it is true, and widely separated in their parts, but that 
wonderfully correspond in height over extensive areas. 
It is of course to be expected, that the higher and more 
ancient the beach or terrace, the more must it be worn 
down by the action of the elements, especially by the 
descent of water-courses; and as the supposed beaches 
intermediate between the strongly-marked ancient coast 
line which I have already described at such length, and 
certain upper lines traceable in the moorland districts of 



! country, occur in an agricultnral region, the obHtcrat- 
ng wear of the plough has been added to that of the e!i- 
!. After, however, all fair allowances have been made, 
there remain great difficulties in the way. I have been 
puKzlecl, for instance, by the fact that Scotland presents ns 
willi but two lines of water-wom caves, — that of the 
present coast hne, and that of the old Unc immediately 
above it. Mr. Chambers enumerates no fewer than fifteen 
coast lines intermediate between the oM coast line and a 
ooaat line about three hundred feet over it ; and in tlie 
dange of granitic rocks which skirt on both sides the en- 
trance of the Cromarty Frith, there are precipices fully a 
ibtindrcd y.-irds in height, and broadly exposed to the 
;8tonny north-east, whose bases bear their double lines of 
deeply-hollowed caverns. But they exhibit no third, or 
iJburth, or fifth line of caves. Equally impressible through- 
ent their entire extent of front, and with their inclosed 
les of chloritic schist and their lines of fault as thickly 
a their brows as in their bases, tbey yet present no 
iqiper stories of caves. Had the sea stood at the fifteen 
intermediate lines for periods at all equal in duration "to 
those in which it baa stood at the ancient or existing coast 
line, the taller precipices of the Cromarty Sutors would 
jFTesent their seventeen stories of excavations; and exca- 
vations in hard granitic gneiss that varied from twenty to 
S hnndrod feet in depth would form marks at least as in- 
delible as parallel ro.tda on the mountain sides, or mounds 
pf gravel and debris overtopping inland plains, or rising 
Sver the course of rivers. The want of lines of caves 
lugher than those of the ancient coast line would seem to 
■fldicate, that thougli tho sea may have remained long 
lOOugh at the various upper levels to leave its mark on 
toft, inipi"cssible materials, it did not remain long enough 
to excavate into caverns the solid rocks. 



But ihoagh ibe rise of the land may haro been comp) 
atively rapiil, there was quite time enough during the 
of uphearal for a series of processes that have given cw 
siderable variety to the subsoils of our country. Had tl 
land been elevated at one stride, almost the only 
of what we recognize as the agricultural region of Soot 
land wonid have been the boulder-clay, here and thei 
curiously inlaid with irregular patches of saud and 
which occur occasionally throughont its entire thicknea 
and which were probably deposited in the forming mass hf 
iceberg laden at the bottom with the sand and stones q 
some sea-beach, on which they bad lain frozen until floata 
0% with their burdens, by the tide. But there elapsei 
time enongh, during the upheaval of the land, tu bring it 
boulder-clay deposits piecemeal under the action of tli 
tides and waves; and hence, apparently, the origin of na 
a few of our lighter subsoils. Wherever the waves act a 
the present time upon a front of clay, we see a separaUa 
of its parts taking place. Its finer argillaceons particle 
are floated off to sea, to be deposited in the outer depths 
ita arenaceous particles settle into sand-beds a little adow 
the beach ; its pebbles and boulders form a surface stratai 
of stones and gravel, extending from the base of the acav 
to where the surf breaks at the half-tiile line. Wo m!^ 
Bee a similar process of separation going on in ravines 
the bouliler-ciay swept by a streamlet. After every show 
the stream comes down brown and turbid with the me 
argillaceous poitions of the deposit ; accumnlationa 
sand are swept to the gorge of the ravine, or cast down 
ripple-marked patches in its deeper pools; beds of pebbles 
and gravel are heaped up in evei-y inllectton of its banks ; 
iind boulders are hiid bare along its sides. Now, a separa- 
^ivn by a sort of wnsliing process ef ni analogous chanio- 
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er'seems to have taken place in the materials of the more 
exposed portioDS of the houlJer-clay, during the emergence 
f the land ; and hence, apparently, those extensive beds 
f Band and gravel which in so many parts of the kingdom 
exiEt in relation to the clay as a snperior or upper subsoil; 
'jhencc, too, occasional beds of a purer clay than that be- 
neath, divested of a considerable portion of its ai'cnaceoua 
components, and of almost all its pebbles and boulders, 
Tbia washed clay — a re-formation of the boulder deposit 
-cast down mostly in insulated beds in quiet localities, 
where the absence of cnrrents suffered the purer particles, 
lield in suspension by the water, to settle, foiins, in Scot- 
land at least, — with, of couree, the exception of the ancient 
fire-elaya of the Coal Measures, — the true brick and tile 
days of the agriculturist and architect. There are exten- 
Ave beds of this washed clay within a shoit distance of 
Edinburgh; and you might find it no uninteresting em- 
ployment to compare them, in a leisure hour, with the 
ifCry dissimilar boulder-clays over which they rest. Unlike 
Jie latter, they are finely laminated : in the brick beds of 
Portobollo I have seen thin streaks of coal-dust, and occar 
inally of sand, occurring between the layers; hut it is 
■e indeed to find in them a single pebble. They are the 
washings, in all likelihood, of those boulder-clays which 
high on the northern flanks of the Pentlands, and 
jconr in the long, flat valley along which the Edinburgh 
led Glasgow Railway runs, — washings detached by the 
irnves when the land was rising, and which, carried towards 
the east by the westward cuiTent, were quietly deposited 
t the lee of Arthur Seat and the neighboring eminences, 
— »t that time a small group of islands. The only shells 
' over detected in the brick-clay of Scotland occurred in a 
3Mt in the neighborhood of St. Andrew's, of appar- 
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pntly tha same oge as the beds at Portobello.' They fl 
ill a bad state of kcopiog; but I Bucceeded in idctitifyiU| 
one of tbe number as a deep-sea Balanus, still thro4 
ashore in considerable quantity among the rocks to 1^ 
south of St. Andrew's. In this St. Andrew's deposit, t 
I found the most modem nodules I have yet seen iu Sw 
land, for they had evidently been hai'dened into stone dni 
ing the recent period; but, thongb I laid them open by 1 
scores, I failed to detect in them anything organic. Sim- 
ilar nodules of the Drift period, not unfrcqucnt in Canada 
and the United States, are remarkable for occasionally 
containing the only ichthyolite found by Agassiz among 
seventeen hundred species, which still continues to live, 
and that can be eshibited, in consequence, in duplicate 
specimens, — the one fit for tbe t.ible in the character of a 
palatable viand, — the other for the shelves of a geological 
museum in tlie character of a curious ichthyolite. It is 
the Mallolua villosus, or Capelan {for such is its market- 
name), a httle fish of the arctic and semi-arctie seas, " The 
MaUotus is abundant," says Mr. James Wilson, in his ad- 
mirable "Treatise on Fishes," "in the arctic seas, where 
it is taken in immense profusion when approaching the 
ooaata to spawn, and is used as the principal bait for cod. 
A few are cured and brought to this country in barrels, 
■where they are sold, and used aa a relish by the c 
■wines." 

Let me nest call your attention to the importance, ii 
economic point of view,ofthe great geolo^c events whi 
gave to our country its subsoils, more especially the \ 
der-clay. This deposit varies in value, according t 
nature of the rocks out of which it was formed ; but I 
even where least iei-tile, a better subsoil than the i 

' See Noco at the end of (he LaclurcB. 
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■ itself ivoulil liavo been; ami in many a district it furnieliea 
^our lieaviest wheat soils. To the sand and gravel formed 
Fout of it, and spread partially over it, we owe a class of 
B-Boils generally light, but kindly; and the brick clays are 
Pnot only of considerable value in themselves, but of such 
Psxcellence as a subsoil, that the land which overiics them 
fin the neighborhood of Ediubui'gh still lets at from four 
f to five pounds per acre. I suspect that, in order to be 
I fully able to estimate the value of a subsoil, one would 
V need to remove to those rocky lands of the south that 
Fseem doomed to hopeless barrenness for want of one. It 
I'is bnt a tedions process through which the minute lichen 
' Or dwarfish moss, settling on a surface of naked stone, 
forms, in the course of ages, a soil for plants of greater 
bulk and a higher order; and had Scotland been left to 
the exclusive operation of this slow agent, it would be still 
a rocky desert, with perhaps here and there a strip of allu- 
■vial meadow hy the side of a stream, and here and there 
an insulated patch of mossy soil among the hollows of the 
crags ; but, though it might possess its few gardens for the 
Epade, it woald have no fields for the plough. We owe 
onr arable land to that geologic agent which, grinding 
down, as in a mill, the upper layers of the surface rocks of 
the kingdom, and then spreading over the eroded strata 
their own debris, formed the general basis in which the 
first vegetation took root, and in the couree of years com- 
posed the vegetable mould. A foundering land under a 
, severe sky, beaten by tempests and lashed by tides, with 
I glaciers half choking np its cheerless valleys, and with 
['COUQtleBS icebergs brushing its coasts and grating over its 
^iSliallowB, would have seemed a melancholy and hopeless 
L'object to human eye, had there been human eyes to look 
fnpoD it at the time; and yet such seem to have been the 
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«ircamstanee8 in which our conntry was placed by Hira 
■who, to "perform his wonders," 

" Plania bis footsteps Id ihe sea, 
Aod rides upon theKtorm," 

in order that at the appointed period it might, accord 
to the poet, be a land 

" Made blithe by plough and harrow." 

From the boulder-clay there is a natural transitkin to d 
boulders tlieinselves, from which the deposit derivea I 
nanic. These remarkable travelled stones seem, fi^m 9 
old traditions connected with some of them, to have aW! 
ened attention and excited wonder at an early period, l< 
ere Geology was known as a science ; nor are they with 
their share of picturesqnencss In certain situations, 
will pej-haps remember how frequently, and with i 
variety of aspect, Bewick, the greatest of wood engrav^ 
used to introduce them into the backgrounds of hta ^ 
nettea. "A rural scene ia never perfect," says Shenatoiu 
poet of DO very large calibre, but the greatest of landse 
gai-deners," without the addition of some kind of buildingtl 
I liave, however, known," he adds, " a scaur of rock in 
great measure supplying the deficiency." And the justice 
of the poet's cauou may be often seen exemplified in tliose 
more recluse districts of the country which border 011 the 
Highlands, and where a huge rock-like boukler, roughened 
by mosses and lichens, may be seen giving animation and 
cheerthlnGss to the wild solitude of a deep forest-glade, or 
to some bosky inflection of bank waving with birch e 
hazel on the side of some lonely tarn or haunted streai 
Even on a dark, sterile moor, where the pale lichen sprii 
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pp amoDg the stnnted heath, and the hairy cluh-moss goes 
creeping among the stones, some vast boulder, rising gray 
araid the waste, gives to the fatigued eye a reposing point, 
on which it can rest for a time, and then let itself out on 
the expanse around. Eonlder-atones are still very abun- 
dant in Scotland, tliough for the last century they have 
been gradually disappearing from the more cultivated 
tracts where there wore fences or form steaclings to be 
■built, or where they obstructed the course of the plough. 
'We find them occurring in every conceivable situation: 
high on hill-sides, where the shepherd crouches beside them 
for shelter in a shower ; deep in the open sea, where they 
entangle the nets of the fisherman on his fishing banks ; on 
inland moors, where in some I'cmote age they were labori- 
ously rolled together to form the Druidical circle or Pict's 
Souse ; or on the margin of the coast, where they had been 
|iiled over one another at a later time, as protecting bul- 
trarks against the waves. They are no longer to be seen in 
this neighborhood in what we may term the agricultural 
re^on; but they still occur in great numbers along the 
coast, within the belt that intervenes between high and low 
water, and on an upper moorland zone over which the 
plough has not yet passed, Mr. Charles M'Laren describes, 
in his admirable little work on " The Geology of Fife and 
the Lothians," a boulder of mica schist weighing from eight 
to ten tons, which rests, among many others, on one of the 
Pentland Hills, and which derives an interest from the fact 
ithat, as shown by the quality of the rock, the nearest point 
Ifiom which it could have come is at least fifty miles away. 

^ well-known greenstone boulder of stiU larger size may be 
Been at the line of haif-ebb, about half-way between Leith 
'Sud Portobello. But though about ten feet in height, it is 

i Bm^l Btone, comjiared with others of its class both in this 
10 
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country and the Continent. The rock, as it is well termed 
(for it U a mass of granite veighing fifteen hundred tons), 
on wtiich the colossal statue of Pet«r the Great at St. 

Petereburg is placed, ia a ti-avelted boulder, which was 
found disaoeiated from every other stone of ite kind in the 
middle of n morass; and Sir Roderick Murchison describesj 
in one of his papers on the Korthem Biift, a. ScandiDaviail 
boulder thirty feet in height by one hundred and forty ill 
circumference. Most, if not alt the boulders which we Smi 
in tbiB part of the country on the lower zone, have 1 
washed out of the boalder-clay. Wherever we find 1 
gi-oup of bouldera on the portion of sea-bottom uacoverad 
by the ebb, we Ijave but to look at the line where the s 
breaks when the sea is at full, and there we find the cl^ 
itself, with its half-uncovered boulders projecting from iti 
yielding sides, apparently as freshly grooved and scratchsdi, 
as if the transporting iceberg had been at work upon tl 
but yesterday. 

I must again adduce the evidence of Sir Charles Ly< 
to show that masses of this character are frequently io^i 
borne. " In the river St. Lawi'enee," we fiod him stating it| 
his " Elements," "the loose ice accumulates on the shoab 
during the winter, at which season the water is low. Tlri 
separate fragments of ice are readily frozen together ia<4 
climate where the temperature is sometimes thirty degi 
below zero, and boulders become entangled with them j 
that in spring, when the river rises on the melting of tl|| 
snow, the ice is floated off, fi'equently conveying the boul 
ers to great distances. A single block of granite t 
feet long by ten feet both in breadth and height, and whtd 
oould not contain less than fifteen hundred cubic feet a 
stone, was in this way moved down the river several bm 
drod yards, durbg the late survey in 1837. Heavy ai 
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Frsf stops lying on the shore have in like manner been closed 
[.in and removed. In October 1808 wooden stakes were 
I driven several leet into the ground at one part of the hanks 
' of the St, Lawrence at high-water mark, and over them 
- were piled many boulders as large as the united force of sir 
men could roll. The year after, all the boulders had dis- 
appeared, and others bad arrived, and the stakes had been 
drawn out and carried away by the ice." 

Oar Scottish boulders — though in many instances im- 
mediately associated, as in this neighborhood, with the 
bonlder-clay, and in many others, as in our moorland dis- 
tricts, with the bare rock — occur in some cases associated 
with the supei-ficial sands and gravels, and rest upon or 
over these. And in these last instances they must have 
been the subjects of a course of ice-borne voyagings subse- 
quent to the earlier course, and when the land was rising, 
£ven during the last sixty years, though our winters ara 
now far from severe, there have been instances in Scotland 
■ of the transport of huge stones by the agency of ice; and 
to two of these, as of a character suited to throw some 
light on the boulder voyagings of the remote past, I must 
be' permitted to refer. 

Some of my audience maybave heard of a boulder well 
known on both sides of the Moray Frith as the " Travelled 
I HStone of Petty," — adistrict which includes the Moor of 
pCuIIoden, and at whose parish church Hector Boece saw 
e gigantic bones of the colossal Little John. The Claeh 
^■dhu n-Aban, or black stone of the white bog, — for such is 
the graphically descriptive Gaelic name of the moss, — 
a about sis feet in height by fi-om six to seven feet 
[ in breadth and thickness, and served, up to the 19th of 
iTebruary 1799, as a march-atone between the properties of 
•CaBtle Stuart and CuIIoden. It lay just within flood- 
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mark, near where a little stream empties itself into a shallow 
sanily bay. There had been a severe, long-contmocd frost 
tlironghout the early pai-t of the month ; and the npper 
portions of the bay had acquired, mainly throngh the 
agency of the streamlet, a continuous covering of ice, that 
liad attained, round the base of the stone, which it claspe^ 
faBt, a thickness of eijjhteen inches. On the night of tin 
19th the tide rose unusually high on the beach, and ther^ 
broke out a violent hurricane from the cast-south-east, ao> 
companied by a snow-storm. There ia a meal mill Iq tha 
immediate neighborhood of the stone ; and when the old 
miller — as he related the stoiy to the late Sir Thomas Dids 
Lauder — got up on the morning of the 20th, so violeal) 
was the storm, and so huge the snow-wreaths that blocked 
up every window and door, and rose over the eaves, that he 
could hardly make his way to his bams, — a journey of bat., 
a few yards ; and in returning again fi-om them to his dwell- 
ing, he narrowly escaped losing himself in the drift. In 
looking towards the bay, in one of the pauses of the storm, 
Le could scarce credit his eyesight : the immense Clach du 
ii-Aban had disappeared, — vanished, — gone clean off the 
ground ; and he called to his wife in astonishment and 
alarm, that the "meiklo atane was awa." The honest 
woman looked out, and then rubbed her eyes, as if to veri^ 
their evidence; but the fact was unquestionable, — the 
"meiklo stane" certainly "was awa;" and there remained 
but a hollow pit in the sand, with a long, shallow fiirrow, 
stretching from the pit outwards to where the anow rhime 
closed thick over the sea, to mark where it had beei 
When, however, tiie weather cleai'ed up, the stone agaii 
became visible, lying out in the sands uncovered by the e 
seven hundred and eighty feet from its former position. lu 
the evening of the day, the neighbors flocked out I 



H the Bceno of so extraordinary a prodigy. 
Where the stone had laic they foaad but the deep dent 
bonnected by the fiin-ow which lay athwart the bay in the 
Uoe of the hurricane, with the stone itself, around the base 
of which there still projected a thick cornice of ico. In its 
hew position the stone still lies; and only a few years ago 
— mayhap, still — a wooden post which marked the point 
where the two contiguous properties met, marked alao the 
spot from whiuh, after a rest of ages, it had set out on its 

JHy other ease of boulder travelling — in some respects 
n more curious case than the one related — occurred early 
in the present ceutury on the eastern coast of Sutberland- 
Bbire. Kear the small hamlet of Torribal, in the upper part 
of Loch Fleet, there stood, about fifty years ago, a rude 
obelisk of umlresaed stone, generiilly regarded as Danish, 
frhich, though more ancient than autiientic history, or even 
tradition, in the district, was less so than ibe old coast line, 
B8 it had been evidently erected, subsequent to the last 
change of level, on the flat marginal strip wliich intervenes 
a the old line and the sea. It rose in the middle of 
B Bwampy hollow, which protracted rains sometimes con- 
verted into a strip of water, and which was sometimes 
Bwept by tlie overflowings of the neighboring rivei-. On 
he eve of the incident which proved the terminating one 
1 its history, the hollow, previously filled with rain-water, 
dad been fi-ozcn to tJie bottom by a continued frost, which 
I, however, on the eve of broaking up ; and a dense fog 
f thick in the valley, when a benighted Highlander, re- 
ming tipsy from a market by the light of the moon, came 
ttaggeriDg in the direction of the standing stone, and in a 
ftmnken frolic set his bonnet on the top of it ; and then 
^Dndering ofl* into the mist, he lost sight of both stone and 
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bonnet, and, iatliog to regrun tbem, be had to return fa 
beaded to his borne. The thaw come od ; the river r 
OTCx its bankii ; the ioe-cake around the obelisk floated h 
above the level, wrenching ap the obelisk along with it, a 
the ice of the St. Lawrence wrenched up the stakes de- 
Msibed by Sir Charles Lyell ; and both ice-cake and obelisk 
floated down the loch lo the sea. As the morning broke — & 
fierce moruiDg of dood aud tempest — they were seen pasft- I 
ing what some forty years ago was known as the Littl^' 
Ferry ; and the alarm went abroad along the shores on botfa' 
»des, that there was a man standing in the middle of tin 
Loch on the floating ice, and in course of being swept oa|^ 
to the ocean. Poor man ! he had been crossing the riV( 
it was inferred, when the ice broke up; and though the e 
terpiise was a somewhat perilous one, for the ice fragments 
were rushing furiously along on the wild tides of the lool^. 
maddened by the inundation, a boat, double manned, shot' 
out from the shore to the rescue, and soon neared the drllb^ 
ing ice-floe. It was ultimately seen, however, that tbii 
supposed man was but a Danish obelisk, bearing on its heaA 
a mysterious bonnet ; and bonnet and obelisk were left % 
find their way to the German Ocean, in which it is probo^ 
ble they now both lie. These modem instancea of bouldec 
travelling may serve to show how huge stones originally 
associated with the boulder-clay may have come to i 
on the arenaceous or gi'avelly deposits which overlie ith 
Through the second voyage of the Petty boulder, it yi 
deposited on a recently formed bed of sand ; and the si 
ing-stonc of Torribal may now rest on sea-shells that n 
living half a century ago. 

It is held by geologists of high standing, that after tl 

period of submergence represented by the honldeivolays d 

\ our oomilry, the British islands were elevated to such'l 



height over the sea-level, that their distinetivo character as 
wlands was lost, and the area whicli they oceupy united to 
the main land in the character of a weetem prolongation 
of the great European continent. It was at thJa period, 
laya Professor Edward Forbes, that Britain and Ireland 
received, over the npraised bed of the Gemian Ocean, their 
rermanic flora, — the last acquired of the five floras which 
'OODopose their vegetation. Tlic evidence on the point, 
however, still seems somewhat meagre. I can have no 
donbt that the land stood conBiderably higher during this 
Postr-Tertiary period than it does now. Aa shown by the 
dressed surfaces and rounded forms of many of the smaller 
! of the iiorlh-westem coasts of Scotland, and the 
markings at the bottom of its lochs and estuaries, and on 
iie rocks along their shores, the latter glaciers must have 
descended fi^om the central hills of the country far below 
ibe present sea-level ; and we find some of the transverse 
1 which they ploughed up before tliem in their 
scent existing as gravelly spits, that rise amid the waves, 
I tiie middle of long friths or at the entrance of deep bays. 
[ have seen, too, on rocky coasts, considerably below the 
} at flood, a sort of recent breccia formed by cal- 
! springs, which, as the stalagmitical matter could 
lot have been deposited in places exposed to the diurnal 
Irsshings of the sea, indicated a higher level of the land 
iban now, at the time of its formation ; and the snbmerged 
naosaes of both Britsun and Ireland — mosses now existing 
a many localities far below the fall of the tide — bear evi- 
S^ice, where not more ancient than the boulder-clay, in tlie 
s line. But on this obscure passage in the geological 
llistory of our country I am unable, from at least actual 
abservation, to say aught more : my few facts lie in the 
lireotion of Professor Forbes'a theory, but they accompany 
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t Ab HH* ^«^ (rf* Ae tm — tfaesani-m 

IMb ft^ Ac p wceJng dmesof tj 
laca ii nff^ ™ >>7 degree more ] 
nii hire Aedcsmtdanta of the pis 
of Cfea ffe reenter penod ilS vital oa ovr hiB-tt^w, i 
IfcM ■ I itrntlil IrrT lTrr iln— —■*—*■ "^ «»»* r>f itsanim 
MBI Bvi^ ■■ on- KM. It seens ^ first « carious probU 
<iHi< nil (rf* MihEtioa, thaX widely fleponted moauUjn b 
mta ehonH possess the same alphie plants, — that the SQ 
miti of Ben Wrris and Ben Lomond, for instance, ot^ 
Ben Xeris and Ben Mnich Dhni, sbonid have their epea 
in common, while not a trace of them appears on the loil 
elevations between- Hot it simplifies the caM to cone* 
of these alpine plants as the vegetable aborigines of I 
country, compeDed by cllmatal invasion to shelter i 
last bleak retreats, where the winter snows linger uawastej 
till midsummer, and the breeze is always laden with t 
chills of the old glacial period. They compose the CeM 
portion of tlie Scottish flora, cooped up in their mountain 
reoowWH by the encroachments of those Genuanic ra« 
at tlio plant fimiily that flourish, in the altered atmoi 
phfire, or the more genial plains of the country, i 
sunny slopiw of its lower hills. That language of floweq 
Inwhiohtlio ladiesof Mohammedan countries have learned 
*■ 4onrerNit i» not unappropriately employed i 
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ixpressioQ to the various modes of a pasEioa soarce less 
(Taneacent th.ttt the flowere themselves. But is it not 
passing strange, that we of Scotland should be called on 
i reoognize in tho transitory flowers of our sholtered 
fow-ljing plains and TaLeys, and of oar high, bleak moors 
md exposed mountain Bununits, the records of an antiq- 
uity 80 remote, that the stories told by the half-effaced 
Weroglyphics of Nineveh and of Egypt are of yesterday in 
rompanson ? 

Here the exhibition of our facta illustrative of the Pleis- 
looeue and Post-Tertiaiy perioils in Scotland properly 
inds. The existing evidence has been taken, though, of 
oourse, briefly and imperfectly, the extent and mnltipliotty 
of the subject considered ; and, tho record closed, a formal 
Buramary of the conclusions founded upon it should now 
terminate our history. Permit me, however, to present 
jou, in conclusion, not with the formal summary, but a 
■somewhat extended picture, of the whole, exhibited, pan- 
onuna-like, aa a scries of scenes. The fine passage in the 
Aatnmn of Thomson, in which the poet lays ail Scotland 
K once upon the canvas, and surveys it at a glance, must 
Im femiliar to you all ; 

" Here awhile rtio Mnso, 
nigh hovGring o'or the broad ccruleiin ecene. 
Sees Caledonia lu rouiaiilic view; 
Her airy mountuins, from (ho waving main, 
Invoaled with a Iicbo diffnalyo ak?, 
Breathing tho soul acme; her forests hiiee, 
Incnlt, robust, and tall, tiy Nature's hand 
Plaiited of old ; her asaro lakee between, 
Poured out oxlonsive, and of watery wealth 
FuL ; winding deep and eraon, her fertile valei. 
With mauf a cool, translucent, brimminj; flood 
WiiBh'd lOToly, from the Twwd (pure parent stroan 
Wiioae pnstorul lumks first hoanl my Doric nwd. 



With, sylvan ,Im!. thy tribntory brook), 

To where the Nonh'a inflaied terapoHt fbanu 

O'er Orcas or Betubimn'i liighcst peak." 

Let Qs in like manner attempt callmg np the featnres i 
oar couDtry in one contiouous landscape, as they appes 
at the commencement of the glacial penod, jnst as 
paroxysm of depression had come on, and bold hendlaoi 
and steep iron-bonnd islet had begmi slowly to settle ii 
the sea. 

The general outline is that of Scotland, though harshf 
and more rugged than now, for it lacks the softening ii 
tegument of the subsoils. Yonder are the Grampians, an 
yonder the Cheviots, and, deeply indenting the shores, yon 
der are the well-known estuaries and bays, — the friths O 
Forth, Tay, and Moi-ay, and the long withdrawing lakfl 
Loch Katrine, and Loch Awe, and Loch Mai-ee, and t 
far-gleaniing waters of the deep Caledonian Valley, t 
Ness, and the Oich, and the Lochy. But though the bu 
mer sun looks down upon the scene, the snow-line t 
scends beneath the top of even our second-class monntains 
and the tall, beetling Ben Nevis, and graceful Ben Lomonv 
and the broad-hascd Ben Muich Dhui, glitter in the si 
shine, in their coats of dazzling white, from their sumin 
half-way down to their bases. There are extended for* 
of the native fir on the lower plains, mingled with the sliia 
raer foi'ras and moi'e richly-tintod ibliage of the sprao 
pine. On the upper grounds, thickets of stunted willow 
and stragghng belts of diminutive birches skirt the ravint 
and water-courses, and yellow mosses and gray licbei 
form the staple covering of the humbler hill-sides and tb 
moors. But the distinctive feature of the country ia it 
glaciers. Fed by the perpetual snows of the upper h 
the deeper valleys among the mountains have their ri 




rivers, that in the narrower fiiths and locha of the 

item and northern coasts shoot far out, mole-like, into 
the tide. Aud, lo 1 along the shores, in sounils and bajn 
leTer yet ploughed by the keel of voyager, vast gronps 
«f icebei^s, that gleam white to the sun, like the sails of 
distant fleetfi, lie moveless in the calm, or drift slowly along 
in rippling tideways. Kor is the land withoat its iiihabi- 
^tttnts, though man has not yet appeared. The colossal 
elephant, not uaked and dingy of coat, like his congener of 
■ihe tropics, but shaggy, with long red hair, browses among 
[the woods. There is a strong-l imbed rhinoceros wallow- 
yonder swamp, and a herd of reindeer cropping the 
l&osa high on the hill-side beyond. The moi-se is basking 
*n that half-tide skerry; and a wolf) swept seawards by 
,the current, howls loud in teiTOr from yonder drifting ice- 
We have looked abroad on our future country in the 

iod of the first local glaciei-s, ere the submergence of 
.e land. 

Ages pass, and usher in the succeeding period of the 
Tjoqider-clay. The prospect, no longer that of a continu- 
■OUB land, presents us with a wintry archipelago of islands, 
Itroken into three groups by two deep ocean-sounds, — 
1he ocean-sound of the great Caledonian Valley, and that 
of the broader but shallower valley which stretches across 
Ibe island from the Clyde to the Forth. We stand full in 
front of one of these vast ocean-rivers, — the southern one. 
There are snow-eu wrapped islets on either side. Can yon- 
der thickly-set cluster be the half-submerged Pentlandg? 
and yonder pair of islets, connected by a low, flat neck, the 
eastern and western Lomonds ? and yonder half-tide rook, 
blackened with algoa, and around which a shoal of porpoises 
ue g;tmboling, the summit of Arthur Seat ? The wide 
Boand, now a rich agricultorat valley, is hero studded by 
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its fleets of tall icebergs, — there cumbered by its ] 
fields of drift Ice. Nature sports wantonly amid ( 
variety of form ; and the motion of the great fioatiaff 
masses, cast into shapes with which we associate i 
solidity, adds to the m.agical effect of the scene. Here i 
flat-roofed temple, siirroanded by colonnades of hoar aQ 
wasted columns, comes drifting past ; there a cathec 
furnished with towers and spire, strikes heavily against tl 
rooky bottom, many fathoms beneath, and its nodding piol 
nacles stoop at every blow. Yonder, already fast agrouD^: 
there rests a ponderous castle, with its curtained tower^, 
its arched gateway, and its multitudinous turrets, reflected^; 
on the calm surface beneath ; and pyramids and Dbeliska| 
buttressed ramparts, and embraaured watch-towers, vh 
shapes still more fantastic, — those of ships, aqd trees, a 
brute and human forms, — crowd the retiring vista beyoa 
There is a scarce less marked variety of color. The ii 
tense white of the field-ice, thinly covered with snow, m 
glittering without shade in the declining sun, dazzles t 
eye. The taller icebergs gleam in hues of more soften 
radiance, — here of an emerald green, there of a eapphi 
blue, yonder of a paly marble gray; the light, polarii 
by a thousand cross reflections, sports amid the planes s 
facets, the fissures and pinnacles, in all the rainbow g 
geousnoss of the prismatic hues. And bright over all rii 
on the distant horizon the detached mo on tain -tops, ntf 
catching a flush of crimson and gold from the setting lot 
nary. But the sun sinks, and the clouds gather, and t 
night comes on black with tempest ; and the groundt 
masses, moved by the violence of the aroused wii 
heavily along the bottom; and while the whole heavei 
are foul with sleet and snow-rack, and the driving masa 
clash in rude collision, till all beneath is one wide Btm 
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ng ToBT, the tortured sea boils iind daehes around them, 
irbiJ with the comrainnted debris of the fretted rocks 
;low. 

The viflioQ belongs to an early age of the boulder-cl.ty : 
changes to a later time ; and the same sea spreads out 
i before, laden by what seem the same drifting ice-floes. 
the lower hills, buried in tlie profound depths of ocean, 
e no longer visible ; the Laimnermuii-s have disappeared ; 
id the slopes of Braid and Duddingstonc, with 

" Nonh Barwicfc Law, with cono of green. 



ad we can determine their place by but the huger ioe- 
ergs that lie sti'anded and motionless on their peaks ; 
'liile the lesser masses driil on to the east. Moons wax 
nd wane, and tides rise and fall; and still the deep cur- 
ent of the gulf stream flows ever from the west, traversing 
he wide Atlantic, like some vast river winding through 
Ul enormous extent of meadow ; and, in eddying over the 
irged land, it arranges behind the buried eminences, 
own easterly line, many a long trail of gravel and 
'Jebfis,toforui the Crag and Tail phenomenon of future ge- 
ologiBla. As we extend our view, we may mark, far in the 
Wast, where the arctic current, dotted white with its ice- 
OoUQtoins and floes, impinges on the gulf stream ; and 
where, sinking from its chill density to a lower stratum 
« Sea, it gives up its burden to the hghter and more tepid 
tide. A thick fog hanga over the junction, where the 
FMmer watei-s of the west and south encounter the chill, 
sgf WT of the north ; and, steaming forth into the bleak at- 
tphere lite a seething cauldron, the cloud, when the west 
td blows, fills with its thick gray reek the recesses of 
half'foimdered land, and obscures the prospect. 
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Anon there is another change in the dream. The long 
period of submergence is past ; the country is again rising; 
and, under a climate still ungenial and severe, the glaciers 
lengthen out seawards, as the land broadens and extends, 
till the northern and western Highlands seem manacled in 
ice. Even the lower hill-tops exhibit an alpine vegetation, 
beautiful, though somewhat meagre; while in the friths 
and bays, the remote ancestors of many of our existing 
shells that thiive in the higher latitudes, still mix, as at an 
earlier period, with shells whose living representatives are 
now to be sought on the coasts of northern Scandinavia 
and Greenland. Ages pass ; the land rises slowly over the 
deep, terrace above terrace ; the thermal line moves grad- 
ually to the north ; the line of perpetual snow ascends be- 
yond the mountain summits; the temperature increases; the 
ice disappears; the semi-arctic plants creep up the hill-sides, 
to be supplanted on the plains by the leafy denizens of 
happier climates ; and at length, under skies such as now 
look down upon us, and on nearly the existing breadth of 
land, the human period begins. The half-naked hunter, 
armed with his hatchet or lance of stone, pursues the roe 
or the wild ox through woods that, though comparatively 
buf of T^esterday, already present appearances of a hoar 
antiquity; or, when the winter snows gather around his 
dwelling, does battle at its beleaguered threshold with the 
hungry wolf or the bear. The last great geologic change 
takes place : the coast line is suddenly elevated ; and the 
country presents a new front to the sea. Ajid on the 
widened platform, when yet other ages have come and 
gone, the historic period commences, and the light of a 
classical literature falls for the first time on the incidents 
of Scottish story, and on the bold features of Scottish 
character. 
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It is said that modern science is adverse to the exercise 
:Bnd development of the imaginative faculty. But is it 
really so? Are visions such as those in which we have 
1 indulging less richly charged with that poetic pabu- 
lum on which fancy feeds and grows strong, than those 
ancient tales of enchantment and faery which beguiled of 
1 solitary homesteads, the long winter nights? Be- 
science floariebes, must poesy decline? The cora- 
]plaint serves but to betray the weakness of the class who 
urge it. True, in an age like the present, — considerably 
more scientific then poetical, — science substitutes for the 
smaller poetry of fiction, tlie great poetry of truth; and 
1 there is a more general interest felt in new revelations 
of what God has wrought, than in exhibitions of what the 
bnmblcr order of poets liave half borrowed, half invented, 
H^e disappointed dreamers complain that the "material 
laws" of science have pushed them from their place. As 
II might the Arab who prided himself upon the beauty 
some white tout which he had reared in some green 
f>it«B of the desert, complain of the elull tools of Belzoni'a 
laborers, when engaged in clearing from the sands the 
&Ont of some august temple of the ancient time. It is 
ftot the tools, it might be well said to the complainer, that 
•p6 competing with yoitr neat little tent ; it ia the sublime 
fidifioe, hitherto covered up, which the tools are laying 
^aw. Nor is it the material laws, we may, on the same 
principle, say to the poets of the querulous cast, that are 
I OTerboaring your little inventions, and making them seem 
I Wudl ; but those sublime works and wonderful actings of 
tJie Creator which they unveil, and bring into comparison 
Iritli yours. But from His works and Hia actings have the 
mflerg of the lyre ever derived their choicest materials ; 
Wd whenever a truly great poet arises, — one that will 



i 
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add a profound intellect to a powerful imagination, — he 
will find science not his enemy, but an obsequious caterer 
and a devoted friend. He will find sermons in stones, and 
more of the suggestive and the sublime in a few broken 
scaurs of clay, a few fragmentary shells, and a few green 
reaches of the old coast line, than versifiers of the ordinary 
calibre in their once fresh gems and flowers, — in sublime 
ocean, the broad earth, or the blue firmament and all its 
stars. 
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The Toembers of the Philosopbical Institution of Edin- 
h enjoyed the privilege last season of listening to one 
f the sweetest and tenderest of modern British poeta 
BIoqaeBtly descanting on the history of modern British 
poetry. Rarely had master established for himself a bet- 

r claim to teach. And, regarding the elegant volume 
prodnoed on that occasion, so exquisite in its taste and so 
a its criticisms, it may justly be said that perhaps 
W oniy, at all events its gravest defect, is the inevitable 
We that, in exhibiting all that during the bypast genera- 
i*On was most characteristic and best in the poesy of our 
''""nlry, it should have taken no cognizance of the poetry 
"■Delta. Dr. Moir had just finished his course, but his 
Tolatne had not yet appeared, when, ui^cd by a friend, I 
P^fhaps too rashly consented to contribute two lectures to 
^Wttrae then delivering in the native town of the poet; 
'W ill one of these I expressed the conviction to which I . 
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gave utterance last season in this place, that there is no 
incompatibility between the pursuit of geolo^c science 
and a genial development of the poetic faculty. Dr. Moir 
had honored my address with his presence ; he had listened 
with apparent attention to a view very much opposed, as 
I was told after the breaking up of the meeting, to one 
which he himself had promulgated to the Institution only 
a few weeks before ; and on the publication of his little 
volume, he politely sent me a copy, accompanied by a kind 
note, in which he referred to the point ajjparently at issue 
between us as involving rather a seeming than a real dif- 
ference. "Our antagonism respecting the relations of 
poetry and science," he said, " is, I doubt not, much more 
apparent than real, and arises simply from the opposite 
aspects in which we have regarded the subject." I read 
his work with interest; and at first deemed the differ- 
ence somewhat more than merely apparent. I found 
the lecturer speaking of "staggering blows" inflicted on 
the poetry of the age by science in not a few formidably 
prosaic shapes, — in the shape, among the rest, of "geolog- 
ical exposition ; " and of " rocks stratified by the geologists 
as satins are measured by mercers," and, in consequence, 
no longer redolent of that emotion of the sublime which 
was wont to breathe forth of old from broken crags and 
giddy precipices. But his definition of poetry reassured 
me, and set all right again. " Poetry," he said, " may be 
defined to be objects or subjects seen through the mirror 
of imagination, and descanted on in harmonious language; 
and if so, it must be admitted that the very exactness of 
knowledge is a barrier to the laying on of that coloring by 
which facts can be invested with the illusive hues of poetry. 
Wherever light penetrates the obscure and illuminates the 
uncertain, we may rest assured that a demesne has been 



lost to tlie realms of imagination." Now, if Biich he poe- 
try, 1 said, and such the comlitiona favorable to ila devel- 
opment, the poets need be in no degree jealoas of the 
geoJogista. The stony st'ionce, with buried creations for 
\tg domains, and half an eternity chiirgcd with its annals, 
possesses ibi realms of dim and shadowy fields, in which 
troops of fancies already walk like disembodied ghosts in 
[hfl old fields of Elysium, and which bid fau' to be quite 
dark and unceitain enough for all the purposes of poesy 
ior centuries to come. 

Alas I only a few weeks after, amid bnndreds of his sor- 
rowing friends and townsmen, I followed the honored re- 
isuaina of the poet to the grave ; and heard, in tliut old, 
aietnresqne burying ground which commands on its greon 
■idge the effluinte of the Esk, the shovelled earth falling 
ftcavy on the toilin hd It was a lovely day of ehequei-ud 
iliadow Tud suufthme, ind the wide fiith slept silently iu 
iie calm, with a dream like spectrum of the lii-'uvens mir- 
■oreil on its bosom From the sadness of the ]>rescnt my 
thoughts lei themselves out upon the past. I stood among 
:«gi-oves on a grassy mound which had been reared by 
ihe old Roman invader greatly more than a thousand years 
"Ofore; and I bethought me how, on visiting the place a 
twelvemonths previous, for the first time, I had first 
'^f all sought out the burj-ing-ground of the family of tJie 
deceased, — a spot endeared to every lover of poesy by 
*l».ose tenderest and sweetest of "domestic verses" which 
*hoT how truly, according to Cowper, " the poet's lyre " 
•'ad been " the poet's heart ; " and how I had next set my- 
*lf to trace, as next in interest, the I'emains of that stem 
•^ people whose thirst of conquest and dominion had 
Ifid them so far. And lo ! like a dream remembered in a 
^iwin, as the crowd broke up and retired, the visions of 
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thrtt quiet day were again oonjiired np before me, bat beaf 
7 a felt reference to the respected dead, and accottt 
pniiied by tlie conviction that, had -we been destined I 
meet, and to compare at length our respective views, ^ 
Bhould have found them essentially the same. 

On that rising ground, bo rich in historic a 
both Somerset and Cromwell had planted their cannoi 
and it bad witnessed tbc disaster at Pinkie, and the bei 
long flight of the dragoons of Cope. But, passing ovi< 
the more recent scenes, the vision of a forest-covered c 
try rose before me, — a vision of the ancient abori^nj 
woods rising dusky and brown in one vast thicket, fro 
the windings of the Esb to the pale brow of the ] 
lands. Nor was the landscape without its human fignre&J 
The grim, legionaries of the Proconsul of Augustus weval 
opening with busy axes a shady roadway through tb6^ 
midst; and the incessant strokes of the axe and the crash 
of falling trees'echoed in the silence throughout the valley. 
And then there arose another and earlier vision, when the 
range of semicircular heights which rise above the ancient 
Saxon borough, with its squat tower and antique bridge, 
existed as the coast line, and the site of the town itself as 
a sandy bay, swum over by the sea-wolf and the seal ; and 
the long ridge now occupied by garden and villa, church 
and buryiag-gi'ound, as a steep, gravelly bar, heaped up in 
the vexed line, where the tides of the river on the one 
band contended with the waves of tbc Frith on the other; 
and the Esk, fed by the glaciers of the interior, whose bloi 
gleam I could mark on the distant Lammermoors and t 
Bteeper Pcntlands, rolled downwards, a vast stream, t 
filled from side to side the ample banks which, even * 
heaviest in flood, it scarce half fills now ; while a acant^ 
and dingier foliage th;in before, composed chiefly of tspi 



spruce and dark pine, roughened the lower pliiinii, and 
flun,^ its mullitudinons buugha athwart tlie turbid and 
troubled eddies. And then there arose yi't other and 
remoter scenes. From a foreground oC welteiing sea I 
wahl mark a aeattered arcliipelago of waste, imiuhiibited 
slands, piuturesquely roughened by wood and rock; and 
.' where the Scottish capital now stands, a Hubmarine 
Irotciuio sent forth its slim column of mingiod smoke and 
papor into the sky. And then there rose in quick suooes- 
(boo scenes of the old Carboniferous forests; long with- 
llrawing lakes, fringed with dense thickets of the greun 
Dalnmite, tall and straight as the masts of pinnaces, and 
bhahitcd by enormous fishes, th:it glittered through the 
PRnsparent depths in their enamelled armor of proof; or 
j^ftdea of thickest verdure, where the li'ee-fern mingled 
S branch-like fronds with the hirsute arms of the gigan- 
e elub-moBS, and where, amiil strangti forma of shrub and 
^tpree no longer kuqwn on earth, the stately Ar.iucarian 
red its proud head two hundred feet over the s'til; or 
again, there rose a scone of coral bowers and enciinal 
hickets, tliat glimmered amid the deep greun of tlie an- 
an, and in which, as in the groves sung by Ovid, 
Die plants were sentient, and the shrinking flowers bled 
len injured. And, last of all, on the further hmits of 
janic life a thick fog came down upon the sea, and my 
oursions into the remote past terminated, like the voy- 
;eof an old fabulous navigator, in thick darkness. Each 
<if the series of visions, whether of the comparatively re- 
if the remote past, in which I at that time indulged, 
luicl employed the same faculties and gratified the same 
ftjlinga; and though, in surveying the stuff out of which 
I*? had been sublimed, I could easily say where the his- 
twoendeil and the geologic began, no coiTesponding tine 
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indicated in the visions themselves where the poetry ended 
and the prose began. The visions, whether historic or 
geologic, "were of imagination all compact." They all 
involved the same processes of mind — though, of course, 
in this instance mind of a humbler order and ruder tex- 
ture — as those exhibited in the sweet and fragrant verse 
of the poet liimsel^ — as those exercised, let me say, in his 
vision on " Mary's Mount," when, with quiet graves above, 
and surrounded by quiet fields, he saw the contending 
hosts of a former day thronging the lower ground, and, 

" With hilt to hilt, and hand to hand, 
The children of our mother land 
To battle came; " 

or when he called up, after the lapse of half a lifetime, 
how when, in a wintry morning, he had journeyed before 
daybreak, a happy boy, along the frozen Esk, and saw 



n 



In the far west the Pentland's gloomy ridge 
Belting the pale blue sky, whereon a clond. 
Fantastic, gray, and tinged with solemn light. 
Lay like a dreaming monster, and the moon, 
"Waning, above its silvery rim upheld 
Her horns, as 't were a spectre of the past.' 



>f 



I shall continue to hold, therefore, that there was no real 
difference between the views of the poet and those which 
I myself entertain, but that, as he himself well expressed 
it, our " apparent antagonism arose simply from the oppo- 
site aspects in which we had viewed the subject." He had 
been thinking of but stiff diagrams and hard names, — of 
dead strata measured off, in "geological exposition," by 
the yard and the mile, and enveloped in the obscuring 
folds of a Babylonish phraseology; while I, looking through 
the crooked characters and uncouth sounds in which the 



nicftningtt of llie science are locked up, to the meanings 
tliemnelvea, was luxariating among the strange, wild narra- 
tires and richly poetic descriptions of which its pregnant 
rTeeords consist. 

What is it, let nie r.sk, that imparts to Nature its poe- 
ry? It is not in Natare itself'; it resides not either in 
^ead or oi^anized matter, — in rock, or bird, or Sower; 
" the deep saith it is not in me, and the sea saith it is not 
in me." It is in mind that it lives and breathes : external 
nature ia but its storehouse of subjects and models ; and it 
is not until these are called up as images, and invested with 
** tlie light that never was on land or sea," that they cease 
to be of the earth earthy, and form the ethereal stuff of 
wbicli the visions of the poet are made. Nay, is it not 
mainly through tliat associative faculty to which the sights 
snd sounds of present nature become suggestive of tho 
images of a nature not present, but seen within the mind, 
that the landscape pleases, or that we find beiiuty in its 
woods or beside its streams, or the impressive and the sub- 
lime among its mountains and rocks? Nature is a vast tab- 
Let, inscribed with signs, each of which has its own 
eaucy, and becomes poetry in thu mind when read ; and 
geology is simply the key by which myriads of these signs, 
btUierto undecipherable, can bo unlocked and perused, and 
thus a new province added to the poetical domain. 
} told by travellers, that the rocks of tho wildeme 
lat are lettered over with strange characters, insciibed 
dnmig the forty years' wanderings of Israel. They testify, 
in their very existence, of a remote past, when the eloud- 
oferehadowed tabernacle rose amid the tents of the desert; 
aood who shnll dare say whether to the scholar who could 
dive into their hidden meanings they might not be found 
charged with the very songs sung of old by Moses and by 
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Miriam, when the sea rolled over the pride of Egypt? To 
the geologist every rock bears its inscription engraved in 
ancient liieroglyphic characters, that tell of the Creator's 
journeyings of old, of the laws which He gave, the tab- 
ernacles which He reared, and the marvels which He 
wrought, — of nmte prophecies wrapped up in type and 
symbol, — of earth gulfe that opened, and of reptiles that 
flew, — of fiery plagues that devastated on the dry land, 
and of hosts more numerous than that of Pharaoh, that 
"sank like lead in the mighty waters;" and, having in 
some degree mastered the occult meanings of these strange 
hieroglyphics, we must be permitted to refer, in asserting 
the poetry of our science, to the sublime revelations with 
which they are charged, and the vivid imageiy which they 
conjure up. But our history lags in its progress, while 
we discuss the poetic capabilities of the study through 
wliich its records are read and its materials derived. 

In the deposits of that Tertiary division of the geologic 
formation which represents in the history of the globe the 
period during which mammals began to be abundant, and 
in which the great Cuvier won his laurels, Scotland is one 
of the poorest of European countries. Save for the com- 
paratively recent discovery of Tertiary beds in the island 
of Mull by a nobleman fitted by nature either to adorn 
the literature or extend the science of his country, the 
geological historian would have to pass direct from the 
Pleistocene beds, with their grooved and polished pebbles 
and their semi-arctic shells, to the Chalk fossils of Banff and 
Aberdeen. But the discovery of his Grace the Duke of 
Argyll furnishes us with an interesting glimpse of a middle 
period widely different in its character from either the 
Cretaceous system or the boulder-clay. In the island of 
Mull, in a headland that rises about one hundred and thirty 
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5 over the sea, there occnr, interposed between thick 
jeds of ti-ap, three comparatively thin beds of a gray are- 
laceous shale, charged with fossil leaves, as beautifidly 

I out, and with their ribs and veins as distinctly vis- 
s if thoy had beeu preserved in the herbarium of a 
totatust. Most of them belong to extinct species of oxist- 
f dieotyledoQons trees, such as the plane and 
e.biickthoiTi, mingled, however, with narrow linear leaves 
of cone-bearing trees, which are supposed to belong, in 
this instance, to a species of yew, and with what seem the 
f fern and the stems of equisetacea. Some of the 

6 of coal which have been long known to occur among 
(he traps of the island of Mull are regarded by the Duke 

of Argyll as prolongations of these Tertiary leaf-bods, bo 
I by some metamorphic action as to have lost 
ilie organic stnicture, Tliere must have been vast aocu- 
L mulatioos of leaves ere they could have yielded beds of 
I ooaL The middle or second bed of the three his Grace 
[■•dflBcribes as ]ieculiarly rich in the leafy impressions of this 
wrient period ; and I need scarce say how snggestive the 
I'Blintpae is which is furnished na by these buried layers 
l-rflhe foliage of Tertiary forests in Scotland, of which no 
I other known memorial remains. You all remember Cole- 
Indge'a fine comparison of the sorely-worn sails of the 
Itesselia which the ancient mariner performed his voyage 
l.«f peril and prodigy, to 



" Brown skeletons of leaves that lay 
The forest brook along, 
When tbe ivy loil Is heni-y with snow, 
And iho owlet whoops to the wolf Iwlow; " 

I Wtt you must have often niaiked the extreme delicacy of 
Me deposited leaves, macerated during the winter sea- 
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son at llio bottom of sorao wooilliincl pool, wMcIi Bn| 
gesleil the ]iofil'8 simUc. In that Tertiary period to whi^l 
the leaf-beda of Mull belong, it would seem that e 
forests, chiefly of deciduous trees, slied year after j-oj 
their Bummor coverings of leaves, some of whicli fell, a 
Bome of which were blown by the autumnal giists, into t] 
streams of the country, and were swept down by the c 
rent to lakes or estuaries, where they lay gradually r 
ing into such brown skeletons as caught tlie eye of ( 
ridge. We learn further, that there were forces nctirei 
the time, of which at auy later period we have had n^m 
examples in the British islands. One of the leafbedl] 
described by his Grace is overlaid by a beil of volCAnj 
ashes or tuff seven feet thick ; another by a bed of Biini| 
ashes mixed with chalk flints, twenty feet thick; and ] 
another — the topmost layer — bears over it n bed of O' 
flowing columnar basalt, forty feet thick. The \oies 
agencies were active in what is now Scotland dni-in 
ages of its Tertiary forests. 

The only Tertiary fossils of Scotland yet discovered i 
these forest and fern leaves of the Mull deposits. Th< 
place in the great geologic division to which they beloi 
is still definitely to fix ; but some of our highei 
are, I find, disposed to refer them to the second Tertia 
or Miocene epoch, thongh with considei'able heeitatia^ 
They belong, it is probable, to a period not very widt 
removed from that of the richly fosaiiiferous Marlstone ^ 
(Eningen, on the banks of the Rhine, with its vast abifl 
dance of plants, chiefly dicotyledonous, — of fishes speck 
oally difierent from those which now exist, but of t 
existing genera, — of a fox, which only the comparsti] 
anatomist can distinguish from the recent speciea of tl 
country, — and of reptiles generically akin to tfaoae I 



the Unitecl States. It is a curious fact that, both in its 
animal and vegetable proJnctions, that part of the New 
World which borders upon the Atlantic in the temperate 
Eone, from Carolina to the moiilh of the St. Lawrence, still 
presents very much the appearance which was presented 
~l}j the flora and fauna of Ecrope during the later Tertiary 
3)eriod9. It baa been often remarked, in reference to 
Inman manners and the progress of civilization, that all 
1 of the woi-ld may be regarded as contemporary. 
ZMan is still in many of the South Sea Islands what he was 
Sn onr own countiy previous to the times of the Roman 
inva^on ; and there arc provinces in Spain and Portugal 
in which neither the people nor the clergy have got be- 
yond the eemi-barbariara of the Middle Ages. Curiously 
vnongh, in geologic history also, though in a narrower and 
more restricted sense, all ages are contemporary. The 
"Calapagos have their age of reptiles, Now Zealand its 
^ of birds, and New Holland its age of marsupial quad- 
rupeds. These countries bear now, in not a few par- 
■^nlara, the character of the Oolitic period in our own 
country. Again, on the eastern coasts of North America 
kire are presented with a vegetation greatly resembluig that 
of Bomo of the later Tertiary periods ; and of several of 
rits animals the type is still more ancient. Amerioa, though 
' emphatically the New World in relation to its discovery 
I by civilized man, is, at least in these regions, an old world 
a relation to geological type ; and it is the so-called Old 
World that is in reality the new one. "If we compare," 
'Wya Professor Agassiz, in bis late admirable work, "Lake 
Superior," — "if we compare a list of the fossil trees and 
lebnibs from the Tertiary beds of CEningen with a cata- 
logue of the trees and shrubs of Europe and North Amer- 
'iea, it will be seen that the differences scarcely go beyond 
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thoso shown by the different floras of these con&rantB 
nnder the same latitndos. But what is quite extraoi 
nary aud unexpected is the faet, that the European fosrf 
plants of that locality reaemhie moi'e closely tlie trees a 
ahrubg whieh grow at present in the eastern parts of Nort 
Ameriua, than those of any other part of the world ; t 
allowing us to express correctly the difference between ti 
opposite coasts of these continents, by saying that t 
present eastern American flora, and, I may add, the f 
also, have a more ancient character than those of Etu 
The plants, especially the trees and shrubs growing ii 
days in the United States, are, as it were, old-fashioof 
and the characteristic genera Lagoings, Chelydra, and t 
large Salamanders, with permanent gilla, that remind ns 
of the fossils of (Eoingen, are at least equally so ; they 
bear the marks of former ages?' This interesting fact — 
Touched for by assuredly no mean authority — may enablel 
us to conceive of the general aspect of onr country, so ^>fl 
at least as ita appearance depended on its vegetation, t^H 
wards the close of the Miocene period. Old Scotland e^H 
hibited features in that age greatly i-esembling those pr^| 
sented to the puritan fathers by the forest-covered shore^| 
of New England little more than two centuries ago. Bufl 
no family of man divelt in its solitary woods; and, l^| 
shown by its widely spread deposits of trap-tuff, and itJB 
vast beds of overlying basalt, broken by faults and sliift^l 
its ancient volcanoes had not yet died out, and it mn^H 
have had ita frequent earthquake agues and shaking fits. ^| 
There is, however, another witness besides the leaf-bc^H 
of the island of Mnll, which we may propej-Iy call into oonflB 
to give evidence regarding the Tertiary period In ScoUanflH 
It is known that from a very early time masses of amb4^| 
have been occasionally furnished by the north-castet^| 
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bores of the kingdom, in especial by that extensive tract 
r coast which stretches from the Buchan-ncsa to the 
Frith of Tay ; and the geologist now recognizes amber 
regctable production of the Middle Terti;iiy ages. 
It is the resin of an extinct pine, which the fossil botanist 
lias only of lato learned to term the I'inua sucdnifer, or 
amber pine, but which the Prussian peasantry, who gather 
aiubcr on the southern shores of the Baltic, used for ages 
) associate with this substance, from its occurrence in a 
bssil state in the same beds as amber tcood. The onia- 
:Qtal character of this precious resin seems to have been 
■ppreoiated by the native Scotch at an eai'ly period : beads 
f amber have beeu found in the old sepulchral barrows 
of the kingdom. It3 value, however, na we Icara from the 
Srst notice of it which occurs in our written history, — 
that of Hector Bocce, — has not been alicai/a appreciated. 
kfter describing it, not very inadequately, as "ane maner 
if gouin or electuar, hewit like gold, and sa attractive of 
aaturi that it drawis stra, fla.^, or hemmes of cliiethis to it 
a the sameu maner as does an adamant stone gi'ow," he 
B on to say, that " twa year afore the comin af [his] 
bake to Ucht (]52i) tbair arrivit an gret lompe of this 
I in Bachquliane, als meikle as an hens; and wes 
(rooht hame by the herdes quhilk wer kepand thnir bestis, 
) thair hoiisia, and eassin in the fere. And becans they 
ind on smell and odour thairwith, they scha to thair 
r that it wes garand for the msens that is maid in 
ha kirkes. Thaii- maiater wea ane md man aa tliay wer; 
Dd tnk hot ane litell part thairo^ and left the remanent 
% behind hira as mater of litell effect. All the parts of 
9 goum, quhen it wes broken, wes of hew of gold, and 
one lyke the licht of an candeil. The maist part of 
B gonm or electuar wes destroyit be rud peple afore "t 
12* 
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cam to any wise mannis eirs ; of quhome may 1 
the proverb, ' The sow cares not for balme.' Ala 
wes odverlisit tboii'o^ I maiil sic diligence that ane pairfr'^ 
of it was brocht me at Aberdene." I may add to this ] 
notice of the old chronicler, that up to a coraparatirely] 
recent period, ornaments of amber, especially amber beadi 
of large size, or, as they were termed by our ancestor 
"Uraour beads," were highly valued by the humbler Sec 
That mysterions attractive property which resided in this 
gem-like resin, and which has since been found pregnant 
with that wonderful science to which the substance has 
given its Greek name, electrum, threw a halo of mystery 
around it, that served to enhance its native beauty. The 
laird of Dumbiedikes was, it must be confessed, neither a 
very fervent nor very poetical lover ; but a lover he was ; 
and yet he could find nothing more apt with which to 
compare the eyes of his mistress, when turned upon him 
in her gratitude, than to beads of amber. "Dinna ye 
think," said the laii-d, " puir Jeanic's e'en, wi' the tears 
in tbem, glanced lite lamonr beads, Mr. Saddletree ? " 

To the geologist this precious gum of the Tertiary ages 
ia fraught with a peculiar interest, fi'om the circumstance 
that it forms the best of all matrices fur the preservation 
of organisms of the more fragile kinds. Mosses, fun^ 
and liverworts, arc plants of so delicate a structure, that 
they are rarely or never preserved in shale or stone ; bnt 
specimens of all three have been found locked up in 
amber in a state of the most perfect keeping. And, 
besides containing fi-agments of the pine which produced 
it, it has been found to contain minute pieces of four other 
species of pine, with bits of cypresses, yews, jimiperfl, 
oaks, poplars, beeches, etc^ — in all, forty-eight different 
species of shrubs and trees, which must have floitrishcd in 



the forests where it grew, and which, " viewed in the 

■ group, may he regfirded as coDStituting," says Profussor 

■ Goppeil, " a flora of North Anioricnn character." You 
I will of course remark liow directly tliis evidence bears on 
ftiiat of Professor Agasslz. Tlie most remarkable organ- 
isms of the amber nre, however, its insects, — a kind of 
foBsile suggestive of a very different poetry from that 
which Pope elaborated from them in bis well-known 
simile: 

"Pretty in nmbor to observe llio formn 
Of liairs, orfitraws, ordirt, orgiubs, or wonns: 
The ttilngs, wd know, aro neither rieh nor rare, 
Bat wonder how the miachief they got there 1" 

Fossil insects occur in both the Secondary and Paleeozoio 
divisions, bat rarely indeed in a state of sufficient entire- 
nesB to enable llie entomologist to distinguish their spe- 
cies. Even in classing them into families and genera, onr 
best writers on the subject, such aa the Rev. Mr. Brodle, 
confess that some of the number are very imperfectly 
mn<le out. In the amber, on the contrary, even the most 
delicate ephemene that ever sported for a single summer 
evening in a forest glade, and then perisiied as the night 
cnme on, are preserved in a state of pcifect entireness. 
In the amber of Prussia eight hundred different kinds 
of insects have been determined, most of them belonging 
to Hpeeies, and even genera, that appear to be distinct 
from any now known; while of the others, some are 
nearly related to indigenous species, and some seem iden- 
tical with existing forms that inhabit the warmer chmatea 
of the south. From their great specific variety and 
abundnnce we may infer that insects then, as now, formed 
the most numerous division of the animal kingdom. Our 
eotomologists reckon at the present time about eleven 
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thousand species of recent British inscctH, — a i 

many times greater than that of all its other deni 
of the animal kingdom united. You will scarce deem tiufm 
riddle regarding the entombment of these fragile 
turea in the amber, which so puzzled the poet, particularly^ 
a hard one : the process must have resembled that whidi 
we see going on in our pine-foreata every summer. TLe 
little flutterers must have settled on the bleeding tranks 
of the J*imts succiHifcr^ and stuck fast, and the after flow 
of the sap covered thera over. They add an ijitereatiug 
featui'e, identical with that sung by the poet, to the odor* , 
ifei-ous amber forests of the Tertiary. The hot f 
riding high over the recesses of one of these deep wot 
never yet trodden by human foot, and hghting up 1 
waved lines of delicate green with which spring, just pad 
ing into early summer, lins befringed the dark pines, a 
the yet iinwithered catkins of the poplar and plane, a 
the white blossoms of the buckthorn. The cave-bear aoc 
hyena repose ia silence in their dens, and not a wander 
breeze rustles among the young leafage. 



" But hnrk ! how throngh the peopled ai 



Thol 
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The Inscc^t youth are on iho vring, 
Eager to toate the homad spring, 
Aad float amid the liquid Doon : 
Soma lightly o'er the earrent skim. 
Some elio\T their gaily gilded trim 



And lo ! where the forest glade terminates in a bro 
primeval wilderness, the sunbeams fiill with 
brightness on the trunk of a tall, stately tree, just a lit( 
touched with decay ; and it reflects the light far and \ 
and gleams in strong contrast with the gloi 



boKty rocpsscs beyond, like the pillar of fire in tho wilder- 
less relieved against the cloud of night, 'T is a ilecaying 
line of stateliest siKe, bleeding amber. The iiisocta of the 
lour flutter around It ; and when, beguiled by the grate- 
lil perfume, they toach its deceitful surface, they fare as 
he lorda of creation did in a long posterior age, in that 

" Sertjoninn bog, 
ficlwixt Daminto. and Kloiint Caslus old, 
Wlicre armlefl whole have sunk." 

But, as happencil to so many of the heroes of classic his- 
tory, death is fame here, and by dying they became im- 
nortal ; for it is from the individiiala who thus perish that 
titnre ages are yet to learn that the species wliich they 
^present ever existed, or to become acquainted with even 
e generic peculiarities by which they were distinguished. 
' The question stiil remains, whence has the amber of 
rtir Scottish coasts been derived? It occurs in silu in 
Certiary deposits in the noighborhood of London: good 
wcjmens of considerable size have been found, for in- 
:&nce, in a clay-pit near Hyde Park comer, not a quarter 
f a mile from the site of the Crystal Palace. It occurs 
, in Prussia, in a clay-bed of considerable horizontal 
tteot, of wliich the larger part lies under the waves of 
lie Baltie, but which rises on some parts of tho coast 
Ikboat forty feet over the level of that sea, and to which 
i«f late years a sort of elassical interest has been given by 
, Diodem fiction, worthy, from its air of matter-of-fact 
nrthfulness, of our own Defoe, — the " Amber Witth." 
e black amber vein found by the pastor's little daughter 
I described in the story as oecuning high in a wooded 
IsBle behind her father's parsonage, and as owing its black 
blor to the quantity of charcoal, i. e., carbonized wood, 



which it cortnineil. And in both partieulnrs the dcscrijj 
tion is true to the geology of the amber deposits. 
we have no amber deposits in Scotland ; had amber everl 
existed iu connection with the Tertiary beda of ilull, it % 
would have shared, in all probability, from the close prox- 
imity of the trap, the fate of the great lumps of butter 
which that giant in the nurseiy story who used to eat 
knights and yoang ladies, employed in testing the heat of 
his oven; and bo we must look for its place, not on oorl 
shores, but in the seas by which they are washed. Bnt it J 
18 here necessary that I should submit to you a brief on^ J 
line of the structural geology of our country, not onljrj 
that we may know in what direction to look for its Tea 
tiary beds, but in order also that we may form such I 
acquaintance with the general framework of our 8ubje< 
as it esists in space, as may guide us in all our aAer o 
ceptiona regarding it. Avoiding the prolixity of minol 
detail, I shall present yon at present with but a few of ^ 
leading lines. 

The great central nucleus of Scotland, presenting g 
siderably more than fifteen thousand square miles of brv>1 
&ce, consists of what we shall term, with the elder ge^l 
Ogists, primary rocks, — granites, gneisses, inica-schistf|^l 
quartz-rocks, and clay-slates. These extend in o 
Hon from the soutiiem base of the Grampians to tb4-l 
northern limits of Sutberlandshire, and from Peterhead 
and Aberdeen on the east to Glenolg and Loch Carran o 
the west. [Now, around this great primary mass there n 
a ring of the Bedimontary fossiliferous rocks, 
though of course not with Buch unbroken regularity, a 
frame runa round a picture, or as the metallic setting 01 
Cairngorm or pebble brooch surrounds the b 
these earlier fossiliferous rocks, known about the I 
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Ding of the present century as the Grauwacke, and now 
18 lliki Siimians, the ii'aine or ring contains but fragments, 
— a narrow strip along the flanks of the Grampians on the 
6outh, and a, few detached patches along the shores of 
anff on the north and east. But the ring or frame of 
ift next oldest fosBiliferous system, the Okl Red Sand- 
one, is very nearly complete ; and to such a breadth do 
e find it developed, especially in the southern and north- 
■n parts of the incloBing frarae, that, with the addition of 
Hfew patches in the border counties of Scotland, we find 
it occupying nearly five thousand square miles of the Bnr- 
free of our country.'] Outside the Old Red Sandstone 
me there occurs to the south, in the lino of the great 
flat valley which runs across the country fi'om the Frith 
«)f Forth to that of the Clyde, a broad belt of the Coal 
Ueosares, — the system which succeeds to it in natural 
sequence ; but on the east, west, and noi'th, the Coal Meas- 
■lires and New Red Sandstone are wanting, and we find 
^■igments of a ring of Lias, as at Applucross, on the one 
"Wisl, and at Ci*oniarty and Shandwick on the other; and 
flntslde the Lias, considerable fragments of yet another 
•od wider ring of the Oolite. The sea on the east coast, 
•nd both that and numerous outbursts of overlying trap 

* The Old Red Sandstone frame, and its correspond mg illnatrstlonB, no 
iBOew hold good. The geology of norlii -western Stotland baa recently 
**« loifOBiigaled by Sir Roderick Mnrchieon, from whoea resoarehei It 
■ffNn Ihat Siltxrlaa adata occupy a niDch wider area, of that diatrict than 
••"ten preilously BUBpecled. Aided by Mr. Peach's dispovBry of Lovrar 
^KMu foSBlIs !□ the cryatalline limeEtOnea of Sathcrlandahlt^, Sir Boder- 
••Mi wcceedod in showing that from the Atlantic to the Gonoan Ocean 
■■M !■ a ngid&r sneecsaion of strata In ascending order, rcpraseBdng the 
■"nitlui gneiss of Cnnadu and the Cambrian and Lower Silurian rocks 
WWales, uid superposed upon these older formations in thn great Old 
■MSsDdelnneof Caithncas. See ihe abstract of Sir Roderick Mnrehlson'g 
Wv In [he Reports of tbe Leeds Ueeting of the Britiah ABsocl&tion. — Q. 
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on tho ■west, covers np tho ring which lies beyond; 
the Chalk flints and Greensand fossils of Aberdeen g 
Sanff* shires on the one hand, and the Chalk flints o 
and Caithness on tho other, indicate its cYisteoce and its 
components. An outer ring orfi'ame of Ch;ilk and Green- 
sand, more or loss broken, surronnda on two, mayhap on ^ 
th I tho eentral DUoleus of the kingdom; and t 

th bed f the German and Atlantic Ocean to be laid d 
t th 1 j th of about fifty fathoms, and the a 
1 nd t b proportionally extended, you would find few 
m t oding formation, in crossing the ring from thft^ 

nu 1 twards, as we find them aucceoding each other 

tl tl of England, when crossing the country from 

S th W 1 8 in the direction of London. Beyond this 

t f Chalk there lie, it is more than probable, 

d p t f the Tertiary system. Of the Mull deposits on 
tl w t at we at least know, though tliey occur in bo 
disturbed and ovci'flown a district, that they lie outsida 
the Secondary deposits of the island; and again on the 
east coast, where the Tertiary deposits, which occupy eo 
large a portion of the south-eastern portion of England, 
ontside the Chalk, lose themselves in the German Ocean, 
the dredge has found interesting trace of them far at sea 
nmning northwards, to form, apparently, our submarine 
belt or ring. It is stated by Woodward, in his " Geology 
of Norfolk," that the oyster-fishers on that coast dredjjed 
up fi-om a tract of oyster-beds near Ilappesburgh no fewer 
than two thousand grinders of mammoths in the course of 
thirteen years. Further, those parts of the Continent 
which lie opposite our eastern coasts, including Holland, 
Hanover, and the larger part of Denmark, all consist of 
deposits of the Tertiary system, which, trending westwards 
at a low angle, form, it is probable, no inconsiderable j>art 
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f the bed of the German Ocean. Those beds, however, 
■oni which our Scottish amber ia derived must lie deep in 
le ECO, oatside th3 JAob, the Oolite, the Greenaand, and 
iliG ChaUc; and our speciinena are rare in consequence, 
lecausc at great dept^is the bottom is little affected by 
tempests. Not leas than eight hundred pounds weight of 
^is substance has been throivn np on the coast of east 
l*rQS3ia by a single storm. 

From the Tertiaries we would naturally pass, in oar 

ppword progress, to the Secondary deposits; and of these, 

i remains of the Cretaceous system, as exhibited in 

inff and Aberdeen shires, would, of coureo, first solicit 

lotice, as representative la Scotland of that portion of the 

Jeoondary period nearest our own, - — the period with 

^lich this great middle division of the earth's history 

ierminated. I must first, however, call your attention to 

R series of rocks which, without belonging to any of the 

ree great sedimentary divisions, seem in our own eoun- 

f to have been contemporary with them all. I refer to 

e trap i-ocks of the kingdom. The Duke of Argyle 

ind in the island of Mull, as has been already shown, 

biok beds of trap, tuffacious and basaltic, overlying beds 

f the Tertiary division. Again, in the Isle of'Skye, Pro- 

BBBor Edward Forbes has detected trap beds which made 

heir way to the surface, and overflowed the shells and 

wala of the Oolite, abont the middle of the gi'eat Seo- 

ndary period. "The thick sheet of imperfectly columnar 

asalt," says the Professor, " which has so wide an exten- 

loa in the island of Skye, and plays so important a part 

I the formation of the magnificent scenery of its coasts, 

'SA the product of & subraai'ine eruption, which, if we 

^ard the basalt as an overflow, has its geological date 

&ed to a nicety, having occurred at the close of the 

13 



niMilie and at tlie commencement of the npper Oolid^ 
])erioil." Yet again, in the neighborhood of Edlnbiii^ 
as well described by Mr, Charles M'Laren, there are traps 1 
of the Paljeozoic division, — beds of stratified tn^ Ittj 
among the rocks of the Calton TTH I, for instanee, — tl 
bulong to the early part of the Carboniferous peril 
I have seen at Oban a conglomerate low in the Old 1 
Sandstone, formed chiefly of a trap, which even 
early time mast have been n surface rock much exposed 'fl 
denudation. Wo must regard, then, tlie trap rocks i 
Scotland as of all ages, fi'om the earlier Palreozoic to the 
middle Tertiary periods. The great ganoidal fishes of the 
Devonian and Carboniferous ages, the huge reptiles of the 
Oolite, and the gigantic mammals of the Miocene, must 
have been exposed, in turn, in what ia now Scotland, to 
deluging outbursts of molten matter from the vexed bow- 
els of the earth, and to overwhelming showers of volcanic 



I would, however, crave attention to the curious fact, 
that during this immensely protracted period of Plutonic 
activity, the deep-seated agencies operated in nearly the 
same lines, Masses of the incarcerated matter seem to 
Lave made their escape age after age along the same weak 
parts of their prison walls, — the earth's crust; and in 
Scotland we have two of those lines of apparent weakness j 
which converge in a greatly overflown district in the norA J 
of Ireland. One of these Hnes runs along the inner Heb* 
rides nearly south and north, and includes in its area, i 
distinct centres of Plutonic action, the islands of Sk] 
and of Mull, with what arc known as the Small Isles lyi 
between, and the promontory of Ardnamurehan. 
other line sweeps across the country from north-eaatf 
Bouth-west, commencing at Dunbar on the east, and I 
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ninating, in Scotland, with Arrim and Campbelton oq the 

west ; but running, as I have said, across the Irish Sea, it 

appears in Ulster. It iucluiies, among many lesser trap 

(CmineDccs, the Campsie, the Oehil, and the Lomond hills; 

I "the eminences also on which the castles of Stirling and 

' Dumbnrton are built; the hills which give character to 

the scenery aroand Edinburgh, — Corstorphine, Blacliford, 

_ ihe Pentiands, the Castle rock, the Calton, Salisbury Crags, 

^nd Arthur's Seat; and far to the cast, that Haddington 

roup of trap hills to which North Berwick Law, the Bass, 

uid the Isle of May belong. Beyond these great lines of 

Injected cracks and filled-up ci-aters, especially to the 

poFth and east, there are wide districts in Scotland in 

which there does not occur a, single trap I'ock. The lava- 

.e flood found its way to the surface from the fiery depths 

»eneatb, through the chinks and crannies which we now 

S xd indicated by the dikes and insulated stacks and hills 

>tf what we may terra the Lothian and Hebi-idcan lines, 

M^l throngh tlicse only; and those portions of the Low- 

snda of Scotland which lie to the north of the Grampians, 

li ax the plains of Caithness, Moray, and Easter Ross, 

twsent, from the absence of the trap, an entirely different 

Wiimcter from that exhibited by tlie Lowlands of the 

The igneous rocks have been divided, according to their 
I mneral or mechanical character, into tuSs, amygdaloids, 
I [""pliyriea, dolerites, claystones, clinkstones, wackes, tra- 
I (Jfjtes, and various otlier species. For our present pur- 
i, however, and as adequate to the demands of onr 
l<HOc«siily brief and imperfect sketch, we may regard the 
frocks as consisting of but two great divisions, — first, 
B traps proper, including all igneous masses, from the 
phyries to the basalts, which were ejected Grom the 
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abyss in a molten form, and which either overflowed froi 

tlieir veiits and cralera »;eitnin portions of the earth's 8i 
fiice, whether eubaqueona or siibuei'inl, or, forcing their w; 
between strata of tlie sedimentary rocks, formed ainoi 
them ilikc,?, or beds, or piilar-like mafises; and secondli 
Irap-tuffi, which, though igneous in their components, wei 
ejected from craters in the form of loose ashcB and di 
tached fragments, or were ground down by the agency 
water, and subsequently arranged in regular strata uudi 
the same laws which have given their etratifi cation to 
rocks of aqueous origin amid which we so frequently i 
these trap-tuffs intercalated. Tou will at once seo thi 
the division hei'e is a natnral one. There is a wide 
ence betwist a stratum of broken glass and scori 
debris of a glass-house arranged by the tide on the 
on which it had been cast down a few hours before, and' 
continuous sheet of plnte-glass still retaining its place 
the mould into which it had been run off by sluices froi 
the furnace. And such is the difference between trap-tt 
and trap proper. We have to anive, too, when we fii 
them occurring, as in this neighborhood, 
of a district, at very different conclusions regarding thi 
date and history. Without inquiring whether in sot 
rare instances an eruption of volcanic mud might not poa 
bly be ejected, by a sort of hydrauHc-pi-ess process, betwei 
strata of previously existing rock, and thus a tuff-bed cot 
to be formed which was not only newer than the str.itD 
on which it rested, but also than that by which it W 
overlaid, we may receive it as a general foct, that the to 
tuflf-bed, like beds of the ordinaiy sedimentary rocke^' 
more modern tlian the stratum on which it rests, and mc 
ancient than the stratum which overlies it; that if it * 
pur, for instance, among the Old Red Sandstones, it belonj 



lo llie age of the Old Red Sandstones ; if among tlie Coal 
Ueasures, to the age of the Coal Measures ; and if among 
the Oolites, to the age of the Oolites. But wg cannot 
2>redicate after the eame fashion, that the bed of trap 
!r which we find resting over one series of sediment- 
ary strata and under anollier la of nearly the same age aa 
*he rock above and below, or jnst a little older than the 
Upper and a little newer than the nether ones. It may 
have been injected among them many ages after their 
deposition, during even an entirely diffen-ent period of the 
earth's history. We may safely infer, that those beds of 
Stratified trap-tuff which alternate in tlie Calton Hili with 
beds of trap-porphyry belong to the Carboniferous period, 
Wid are very considerably older than the overlying sand- 
s and shales on which Regent Terrace is built; bat 
ire can no more infer that the great bed of greenstone 
irhich fonna the picturesque crown of Salisbury Crags is 
f the same age as the rocks among whieli it occurs, or, 
lore strictly, a little newer than the strata below and a 
littJe older than the strata above, than we can infer tliat a 
past-iron wheel or axle is of the same age aa the mould into 
IrLiob it was nin, or, more strictly, a little newer than the 
bottom of the mould, and a little older than the top of it.' 
Xet us now devote a brief space to the consideration of 



I The nsiial lest of the age of theae melted traps Is the relation they 
■■r to the rocks whicli overlio them. If the part of tliB anperjsMnt bed 
aiOag on the igncona rock prcaont aa altered appearance, as if tt had 
MS more or leas baked in s lumaee, the trap is regarded as inlnaive, that 
I, It forced its way betwceo the planes of the strata, and most I'onee- 
tuatij be of Inter age. If, on the other hand, the hcda ahove display no 
■ynpUm of alteration, and more especially if they consist of tmp-tnff, the 
Vldsrijing igneous rock may be preautucd to have been erupteil eitlier under 
Whr w in open air, as the case may be : and hence it is reearded as in a 
Vnal way conteiDpocaneous with tlie strata among which it occnra — G. 
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the scenery usaally associated with the tmp rocks, - 
subject which sliould possess some little interest to t 
Edinburgh audience, seeing that their most mngnificeDtf 
of cities owes almost all that is iiiiposiug and peculiar U 
its aspect and appearance to this cansc. The scenery ol 
s trap district may be resolved into two components. 
an ancient ruin we fi-equently see stones hollowed by dee8{ 
into a sort of fantastic fretworlt, not very unlike thai 
which roughens some of our more ancient runic obelisks! 
and we recognize as the cause of these irregularities t 
surface on which the effect depends, certain oiiginal inftJ 
qualities in the texture of the mass, and certain weathet* 
ing influences, which, while they wove away the softer p 
tions, spared such as were harder and more durable, 
such, on a larger scale, are the two elements operative i 
the production of the peculiarities of trap scenery. Ti 
hard trap rocks injected into the comparatively soft s 
stones and siiales of a district, such as that which b 
rounds the Scottish capital, compose a mass of very variol 
texture and solidity, which, if operated upon equally \ 
some power analogous to the weathering one i 
of the fietted stone, would necessarily yield i 
and the weathering influences we find represented o 
large scale by the denuding agencies. The noble emind 
ces which give character and individuality to our eat 
were literally scooped out of the general mass by tid^ 
and waves, and deep-acting cun-ents, as the sculptor cM 
els out his figures, in esecnting some piece in alto relies 
by chipping away the surrounding plane. The bold figl 
of the poet Hogg becomes almost a literality here: 

" Who wBjf it srooped theso stony waves ? 
Who Ecalp'd the browB of old CalrngonUi 
And dug tliesc evEr-vmviiing cares? 
TwoB I, the Kpirit of the storia," 




rhe masses of enclosed trap are of various forms, Some- 
3 tbey occur aa deeply-ltased pilliir-Iike masses, filling 
(p, it is possible, ancient criiters. The rock of hard clink- 
tone on which the Castle of Edinburgh stands is one of 
; but the long-inclined plane of sedimentary deposits 
irhich it shielded from tlie wear of the western cuirent 
nterferes with its column-like outline. The Bass rock ia 
I example of the same kind, with no sedimentary tail to 
ai- the effect of its natural outline. The dike is another 
md yet more characteristic fonn of trap rock; it is a. rock 
s moulded in a longitudinal crack or rent, aa the 
Mherwas moulded in a well-like crater; and when the 
wiginal matrix in which it was cast has been washed from 
its sides, and it remains standing up over the level, it 
toisumcB Ihe wall-like or dike-Yikc fonn to which it owes its 
name. In sailing along the west coast of Scotland in a 
r sonny day, that gives to each projecting crag its 
Seep patch of shadow, these fragments of walls, of vastly 
3 ancient date than the oldest and most venerable of 
Siir Scottish ruins, may be seen rising fi'oni the beach 
•Iwig the faces of grassy banks or rounded tuft-formed 
ipicfs, and communicating to the general scenery one 
W its most characteristic features. But one of the main 
•oenio pecnliarities of the trap districts is derivable from 
hiar trap beds. We find in this neighborhood, among 
he hills of the Queen's Park, bed rolled over bed, with 
"Oda of B]iale, or sandstone, or soft trap-tuff, between; 
W these beds, ranged often in nearly parallel lines, and 
soei by the denuding agencies, present not unfrequently, 
in in profile, the appearance of a fiight of steps. Hence 
™ generic name for this class of rocks, — trappa, a stair : 
tlie traps are the stair-like rocks. As seen in a calm, clear 
wcniing, from nearly the eastern termination of Regent 



Terrace, tlie Arthur Seat gronp of liills exhibits tliM 
of these beds ranged fur eoiiBiderable distoDcea iu 
parallel lines, and, with these, well-marked fi-agraenta of 1 
several others. First, reckoning from the west or eouthj ' 
there la the continuous greenstone bed of Salisbury crags} 
next, the partially-broken bed of greenstone porphyry 
known as the Bay Crag; next, the continuous bed of 
compact greenstone known as the Ilill Crag, — that alooj 
the top of which the path ascends to the summit of ArthE 
Seat from St. Anthony's WeU; and then there are atleat 
two beds of basalt, partially sanded over, which rise i 
interrupted steps along the face of the eastern hill. Thet 
beds foi-m the peculiar feature of the finefi-agment oflatn 
scape which from this point of view the Arthur Seat groH 
of hills composes.' The trap scenery may be deacrib* 
generally as eminently picturesque. From the circun 
stance that its eruptive masses rise often from araid levi 
fields, and that its hard abrupt beds, dikes, and colurao 
alternate often with rich, soft strata, that decompose int 
fertile soils, it abounds in stiiking contrasts. Tbs i 
plain ascends often at one stride into a hill fantasticaQ 
nigged and abrupt; and bare and fractured precipice 
overtop terraced slopes or level platforms, rich in rerdntl 
Some of the more famed scenery of England owes i\ 
beauty to the trap rocks. Ilagley, the seat of the Lyttl0 
tons, so celebr.ated in the English poetry of the last cea 
tury for its beauty, is situated half on a range of pictni 
esque trap hills, half on a level plain of the Kew Ra 
Sandstone; and the far-famed view from the LeoBOWl 

' On Iho west const of Mall, and tlio islaoda of GomeU'a and Clra, d 
or eight of tlicse Gtep-Uku beds lanj bo Been, rising the one over it 
otber, like lermci'S or stories In a. building; and the whole laodictt 
seems barred wlLh rlghl lines, that in this disCrict lie aeailj pnraU^bfl 
horizon. ^^^^H 
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iwes much of its bcrnty to the traps of the Cicnt Ililla. 
would be UDpardoDable, in treating, howeTer 
.■tfightly, of the scenery of the trap, to omit all refer- 
ence to ono of its strangest features, — those of ranges 
of polygonal columns which, in at least the more perfect 
■pecimens are peculiar to it, and which impart to dame 
Kature, in so many instances, those qualities of propor- 
4ion and regularity in which art aloue can pretend to 
f*ie with or surpass her. The specimens in our own 
neighborhood are either of small extent, as in Samson's 
■ both that and of imperfect form, as at St. An- 
thony's Chapel and in the adjacent hill-front; bnt I have 
e neighborhood of Linlithgow a range of slender 
Boiumns sufficiently regular to have given rise to a tra- 
itional myth in the locality, that they owe their origin 
3 the ingenuity of the old Picts; and the columned 
air of Eigg greatly surpasses in grandeur the far-famed 
lots' Causeway, and scarce falls short of it in the sym- 
fttxy of its strange architecture. To that wondrous 
san cave of the weat which an enlightened age con- 
inueg to recognize as one of the marvels of Scotland, 
L need but refer in the gi-aphio verse which the Ettrick 
'Shepherd has transferred, in his "Queen's Wake," to 
•Allan Eawn, the bard of Mull." 

" Awed lo ilepp silence, they trend tho fltranij. 
Where rnmoced. pillars In order stand ; 
All firamed ol' tbo liquid bnmlng loin, 
And bent liho tbe bow iliat epiins the boaven; 
Or nprighl miigcd, in wondrous army, 
With purple of green o'er tho dnrksoniQ gray. 
The saleiDQ rows in thnt ocean deu 
Were dimly seen iiko the forma of men; 
Uke giant monks in fi^ca agono, 
Whom the god of tho ocean had Gcar'd to stone; 
And their path was on wondrous pavement old. 
In blocks all cast in Eomo giant rnould." 
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The old scenery of the trap rocks of Scotland, — 
scenery associated with them when oar country, along I 
least its two great hncs of trappean eruption, was a 2'erra 
del Fuego, — a land of fire, — it would require some of 
that poetic faculty to restore which I would fain challenge 
for the geologist. Even- in the immediate neighborhood 
of the capital, the rocky crust of tho earth has been 
heaved into vast waves by the imprisoned Plutonic agen- 

i struggling for vent ; huge floods of molten matter, 
1 hardened into mountain masses, have been injected 
with earthquake throes between the folds of the stoni 
strata; and a submarine volcano hna darkened the heaves 
with its ashes, shutting out during the day the light e 
the sun, and throwing its red gieara, when the night ha^ 
follen, over the steaming eddies of a boiling and brolci 
sea. The area which we now occupy has heaved like th{£l 
deck of a storm-beaet vessel; the solid earth has been 
rent asnnder; and through the wide cracks and fissuref^ 
now existing as greenstone dikes, the red molten matter 
has come rushing through. Could we this evening ascend 
into the remote past, when that picturesque eminenca 
which overlooks Edinburgh, — according to the 
Malcolm, 

" Arthur'a craggy bulk, 
That dweller of the air, abrupt Bud lone," — 

was, like the son of Semele, first ushered into the 
amid smoke and flame, yon would find the scene 
as poets might well desire to contemplate, or eoUcit 
aid of their muse adequately to describe. For many 
what now exists as the i)icturesque tract of hill and valli 
attached J-o old Holyrood, and to which the privileges 
of the court 5tiU extend, had existed as a tract of shallow 
sea, darkened, wben the tide fell, by algre-covered 
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inrl banlis, and mnch beaten by waves. From time im- 
morial baa the poition of the earth's crust which under- 
Uea that shallow sea been a scene of deep-seated igneous 
action. Vaat beds of trappean rock — greenstone, and 
oliimnnr basalt, and amygdaloidal porphyiy — bave been 
redged from benoath, as molten injections, between the 
Jd sedimentary strata; vast waves of translation have 
Some rolling onwards from that disturbed centre, as some 
Unbmarine hill, elevated by the force of the fiery injection 
— as the platform of a hydraulic press is elevated when 
5 pump is plied — liaa raised its broad back over the 
fide, only, however, to yield piecemeal to the denuding 
ind the storm-raised surf of centuries. And 
', for day after day has there been a succession of 
earthquake shocks, that, as the plutonic paroxysm io- 
1 intensity, become stronger and more frequent, 
Wd the mountain waves roll outwards in ever-widening 
MftileB, to rise and fall in distant and solitary seas, or 
w break in long lines of foam on nameless islands nn- 
liown to the geographer. And over the roar of waves or 
"e rash of tides we may hear the gi'owUngs of a snbter- 
inder, that now dies away in low, deep nautter- 
*E8, and now, ore some fresh earth quake -shock tempesta 
e sea, bellows wildly from the abyss. The billows fall 
*>ok in boiling eddies; the solid strata are upheaved 
■"In a flat dome, crusted with corals and shells ; it cracks, 
* ttvers, a darft gulf yawns suddenly in the midst ; a 
*Wie, strongly variegated cloud of mingled smoke and 
*t«m arises black as midnight in its central volumes, 
wt chequered, where the boiling waves hiss at its edge, 
*»i(h wreaths of white ; and anon with the noise of many 
•sters, a broad sheet of flame rushes upwards a thousand 
Wioma into the sky. Vast masses of molten rock, that 



glow red amid even the light of day, are hurled into' 
air, und tlien, witli hoilow sound, full back into the ohl 
or, deacciidijig liissing amid the vexed waters, fli 
the Lot Bpray, and send the cross circlets of wave irf 
they raise athwait the heavJDgs of the buger billows | 
pelled from the disturbed centre within. The crater ( 
as the thick showera of ashes descend; itnd amid ( 
rending of rocks, the roaring of flames, the dashings 
ii'aves, tho hissings of submerged lava, and the hoi 
grumblings of tho abyss, tiie darkness of a starless i 
descends upon the deep. Anon, and we are startled 
the shock of yet another and more terrible eai-thqaa 
yet another colunui of flame rushes into tho sky, c 
lui'id illumination on the thick rolling reek and the pit) 
heavings of the wave; seen but for a moment, we i 
mark tlie silvery glitter of scales, for there is a sboat 
dead fish floating past; and as the coruscations of 
electric lightning darts in a thousand fiery tongues j 
the cloud, some startled monster of the deep bellowi 
terror from tho dank sea beyond. 

Let us raise the curtain once more from over the past 
the trap districts of Scotland. Myriads of ages ] 
come and gone ; tho submarine volcano has been Ii 
extinguished; and the land, elevated high over the wal 
has become a scene of human habitation. But the 1 
eounti'y, marked by the well-known features of 
preci])itous hiil and deep retiring valley, is ronghe 
by many a shaggy wood, and gleams with many a 1 
lochan, and even its richer plains are but partially bro 
np by the plough. And lo! tho trappean centres of 
district are scenes of fierce war, as of old ; but it is 
the dead uninfonned elements, — fire, earth, and wate 
but energetic, impassioned man, that now Gontendsr 



ill fierce warfare battles, with hia kind. Yonder, on 
trap vouk, once the crater of a volcauo, ia the fortress of 
'the Biisa, the stronghold that last surrendered in Britaia 
to "William of Nassau ; and yonder, on its trap rock^ 
the castle of Dunbar, that brave black Agnea held out 
determined a spirit against the English ; and yonder, 
on its trap rock, the castle of Dirleton, which etood eiege 
in behalf of our country against Edward I. ; and yondei 
on its trap rock, scaled by Lord Randolph of old when he 
~wrarred for the Brace, is the castle of Edinbnrgb, the 
Bcene of a hundred fights, and surrounded by the halo 
<3f a thousand historic associations; and yonder, or 
"trap rock, is the castle of Stirling, with the battle-ground 
af Scotland at ita feet, and to maintain which against 
.he greatest of our Scottish kings, the second Edward 
mainly fought the battle of Bannockbum ; and yonder 
ts trap i-ock, ia the castle of Dumbarton, long impregna^ 
3le, but which the soldier of the Reformation won at auch. 
%arfiil risk from the partisans of Mary. I remember at 
ane time deeming it not a little curious that the early 
geological history of a country should often, as in this 
istance, seem tj-pical of its subsequent civil history. If 
country's geologic history had been very disturbed,— 
trap rock had broken out from below, and tilted up its 
Wtrata in a thousand abrupt angles, steep precipices, i 
3^wning chasms, T found the chances as ten to one that 
"tiiere succeeded, when man came upon the scene, a his- 
"toiy, scarce less disturbed, of fierce wars, protracted sieges, 
«nd desperate battles. Tlie stormy morning during which 
merely the angry elements had contended, I found suc- 
ceeded in almost every instance by a stormy day, mad- 
dened by the turmoil of human passion. But a little r 
flection dissipated the mystery ; though it served to show 
14 
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through what immense periods mere physical canses may 
continue to operate with moral effect, and how, in the 
purposes of Him who saw the end from the be^ning, a 
scene of fiery confusion — of roaring waves and heaving 
earthquakes, of ascending hills and deepening valleys — 
may have been closely associated with the right develop- 
ment and ultimate dignity and happiness of the moral 
agent of creation, — unborn at the time, — reasoning, re- 
sponsible man. It is amid these centres of geologic dis- 
turbance, the natural strongholds of the earth, that the 
true battles of the race, the battles of civilization and civil 
liberty, have been successfully maintained by handfuls of 
hardy men, against the despot-led myriads of the plains. 
In glancing over a map of Europe and the countries 
adjacent, on which the mountain groups are marked, you 
will at once perceive that Greece and the Holy Land, 
Scotland and the Swiss cantons, formed centres of great 
plutonic disturbance of this character. They had each 
their geologic tremors and perturbations, — their pro- 
tracted periods of eruption and earthquake, — long ere 
their analogous civil history, with its ages of convulsion 
and revolution, in which man was the agent, had yet com- 
menced its course. And, indirectly at least, the disturbed 
civil history was in each instance a consequence of the 
disturbed geologic one. 

From the Tertiary deposits we pass direct to the few 
scattered remains which survive in Scotland of the Cre- 
taceous period. It is now nearly thirty years since it was 
found by geologists that chalk flints inclosing in many 
specimens the peculiar organisms of the system, occur in 
the superficial deposits of Banff and Aberdeenshires ; and 
about three years ago they were also discovered by a very 
ingenious man, a Thurso tradesman, Mr. Robert Dick, in 
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tlie boulder-cliiya of Caithness. It is, however, a curiousl 

fact, that what the geologist has only come to kaow within 

the course of the present generation was well known to 

the wiltl aboriginal inhabitants of the country sooke three 

or four thousand years ago. Well-nigh one half the 

ancient arrow and smaller javelin heaJa of the Btoae> 

period in Scotland, especially those found to the 

of the Grampians, were fashioned out of the yellow Aber-^ 

deenshire flints. A history of those arts of savage life 

which the course of discovery served to supplant and 

obliterate, but which could not be carried on without a 

^knowledge of substances and qualities afterwards lost, 

TintU re-discovered by scientific curiosity, would form an 

exceedingly curious one. On finding, a good many years 

■^[o, a vein of a bituminous jet In one of the ichthyolitai 

^2ie(la of the Old Red Sandstone of Ross, — beds unknoww 

SBt the time to even our first geologists, — it curioufM 

impressed me to remember that my discovery was, aftd 

^all, only a discovery at second-hand ; for that In an UH 

.^glazed hand-made urn of apparently a very early period-, 

^riug np in the neighborhood only a few years before, 

""Where had been found a very primitive necklace, fashioned 

^sul of evidently the same jet. It would seem that to 

"*lese ichtliyolite beds, unknown at the time in the district 

~^t> all but myself, the savage inhabitiuits had had i-econrse 

^r the materials for their nidc oiiiaments thousands of 

3eftrs before. They were mineralogists enough, too, as 

their atone hatchets and battle-axes testify, to know where 

the best tool and weapon-making rocks occur; and I oni 

found in a northern locality a battle-axe of an excecclii 

strong and tough variety of indurated talc, that nearly* 

approached in chai-acter to the axe-stone of Werner, which, 

if native to Scotland at all, is so in some primary district 
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which I am not iiiineralogiat enough to indicate. 1 
shows U9 after how strange a fashion eslremes ma 
meet, — that rude savages, ignorant of the use of ll 
metals, ami the scientific explorers of a highly civilize 
age, rationally desirous to know how the adorable Creati 
wrought upou this earth of old, ere man had yet entert 
Tipon it aa a scene of probation, should have formed b 
acqaaintance with the same class of objects, — classes t 
objects of which the men of an intervening period kne' 
nothing. 

The chalk fragments and flints of Caithness and Ban 
seem to have been carried eastward on the Occident 
current of the Pleistocene period, — those of the or 
connty from tliat western portion of the chalk ring i 
girdle to which I have ah-eady referred as lying in tl 
Atlantic, and those of the other from that eastern portlc 
of the ring which is buried in the outer reaches of tl 
Moray Fi'ith. In Aberdeenshire, however, some tweni 
miles or so to the north of the city, in the parish of Elk 
and some of the contiguons parishea, and running at 
considerable distance inland in a line nearly parallel 1 
the coast, the flints so abound, and, unlike those of tl 
English gravels, are so little water-worn aa to give evi 
dence that they must have been derived from the disini 
gration of outliers of the system that once existed, it 
probable, in' their immediate neighborhood. They ovei 
lie, too, in some parts of this locality, what seems to be 
re-formation of the greensand ; of which the soft, inci 
herent masses, containing, as they do, 
state of keeping, some of the more fragile organisms ( 
the deposit, could not possibly have travelled far. Tl 
fossils of our chalk flints and of the underlying greenSM 
ai-e sufiicicntly numerous and characteristic to serve & 
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mrpose of identifjing tho worn and scattered deposits in 
(rliich they occur with the amply developed chalks and 
p^enaands of England, but perhaps not aufficiently so, nor 
fe% always in a sufficiently fine state of preservation, to 
tender the district a very hopeful scene of labor to the col- 
tor desirous absolutely to extend our knowledge of tbe 
pxUact forms of life. I have seen, however, especially in 
e collections of Dr. Fleming, the Rev. Mr. Longmnir, of 
Aberdeen, and Mr, Fergiisaon, of Glasgow, fine and very 
characteristic specimens of the Scotch Chalk, — delicate 
flnatra sponges and corals locked ujj in flint, — well- 
marked portions of tbe sea-egg order (Echinidaa) belong- 
ing to the cidarile, galerite, and spatangua families, — 
terebratuliB of various species, — good specimens of that 
Very characteristic conchifer of the Chalk, the Inoceramus, 
- with casts of minute belemnites and portions of ammo- 
a and baculites. Tbe group of remains preserved is 
^equivocally that of tbe Cretaceous fauna, just as Scot- 
md has also a group of arcbieological remains decidedly 
Oman ; though in either cose these remains sei-ve but for 
J«l»"poaea of identification with larger groups elsewhere: 
and ill order thoroughly to study either the one or the 
ther, the antiquary or geologist would have to remove 
1 what is equally the outskirts of the old Roman or 
old Cretaceous empire, towards its centre in tbe south. 

All our geologists agree in holding that the Chalk was 
iepoBJted in an ocean of very considerable depth, and of 
W<A extent that it must have covered for many ages the 
Plater part of what is now southern and central Europe. 
IthaB been traced in one direction from tbe north of Ire- 
l«Dd lo the Crimea in Southern Russia, a distance of about 
'T«l7e hondred miles ; and in another direction fram the 
iBtb of Sweden to the southwest of France, a distance of 



about nine hundred miles ; and there are extensive flistrle 
both in France :ind England where it attains to an avei 
thickness of not less than a thousand feet. The only a 
ogous deposit of the present time occurs on comparative 
a small scale among the coralline reefs and lagoons of W 
Pacific, where there is in the act of forming an impalpabl 
white mnd derived from the corals, which in dried spee 
mens cannot be distinguished by the unassisted 
masses of soft chalt. But what chiefly distingniahca t 
true chalk from any of its modem representatives is t 
amazing number of microscopic animals which it contaL 
On a low estimate, half its entire bulk is composed ( 
animaleulites of snch amazing minnteness, that it has he« 
calculated by Ehrenbeig that each cubic inch of chalk n 
contain upwards of a million of the shells of these cr 
tnres. The chalk rocks so characteristic of the sister kinj 
dom have been often sang by the poets as 



And, in especial, one "chalky bourn of dread and dia 
summit" has been made by the greatest of poets the s 
ject of the subliinest description of a giddy, awe-inspiri 
precipice ever drawn. And here is there a new 
tion with which to connect the chalk clifls of Englad 
Every fragment of tliese eliife was once associatecl iril 
.inimal life; that impalpable white dnst which gives' 
milky hue to the waves as they dash against them, consid 
of curiously oi^anized skeletons ; even the white line whi 
I draw along the board, were our eyes to be suddet 
endowed with a high microscopic power, would rese 
ble pai-t of the wall of a grotto covered over with ghel 
And, embedded in this mass of minute, nicely-fran 
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in\'isibilities, — Polythalaraia, ForamiDifcrn, Poh-poria, .ind 
IHatomaccie, — we find fossils of larger sine, such as Spa- 
tangua-cor and the spiny Plagiostoma, which seem to 
liave found proper habitats in the mud formed by thfl 
dead remains of these animalculse. Curious examples of 
a similar kiud may be etiil seen among the Hebrides, of 
sand-burrowing molluscs and echiuoderms finding habitats 
amid accumulations of the debris of organic life, chiefly 
comminuted shells, on coasts where otherwise there could 
have been no place for them. The deep-aea shells pro- 
pelled shorewards by the agency of tides and waves are 
gronnd down by the action of the surf against the rocks. 
They may be seen occurring in the hollows of the skerries, 
IS one passes shorewards along some of the rocky bays, 
D handfiils of more and more comminuted fragments, juet 
la, in passing along the successive vats of a paper-mill, one 
intls the linen rags more and more disintegrated by the 
lylinders ; and then, within some sheltering ehclf or ledge, 
ee find the gathered handfuls of former ages spreading 
,nto a wave-rippled beach of minute shelly particles, that 
ircsents, save in its snow-white color, the appearance of 
andy beaches of the ordinary mineral components. But 
he beach once formed in this way soon begins to receive 
fi-om the exuviffl of animals that love such 
.ocalities, — spatangi, razor-fish, cockles, and the several 
varieties of the gaper family, — and that enjoy life agree- 
ibly to their natures and constitutions, not the least sad- 
lened by the idea that they are living amid the rubbish of 
\ oharnel-house ; and sometimes one-half the whole beach 
Ktmes thus to be composed of a class of remains that, save 
ibr tbe previous existence of the other half of it, could not 
have been formed in such localities at all. Now, such 
ntgat have been the state of mattei-s in the times of the 
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Chdlk. Unnumbered millions must hare died in ordi 
iLat the medium niight bo provided in wbiQli a elasa o 
their successor could alone live. Of the land whid 
skirted tliis ocean of the Chalk, or of its productions, i 
know almost nothing. There have beeu found in CbaQ 
flints a few fragments of silicified wood, and, i 
instances, the cones of eycadaceous plants ; and the appei 
beds of the system have furnished the remains of a , 
tic lizard, — the Mosasaurus, with those of turtles 
toisea, and Pterodactyls, True, the Mosasaurus mai/ havi 
been, as Cuvier supposed, a marine reptile, and the turtle! 
must have been eo ; but then both, as egg-bearing animali 
must have brought forth their young o 
the tortoises, with the Pterodactyl or flying lizard, must t 
regarded as decidedly terrestrial. Such ia almost all n 
yet know of the flora or fauna of the laud of the Challc 
whereas in marine organiams the system is so exceeding; 
rich, that it-s ascertained species amount, we find it states 
by Brown, to about three thousand. The geologic d. 
rama abounds in strange contrasts. When the curtain L 
rose upon our country, we looked abroad over the am.b 
producipg forests of the Tertiary period, with their sanli 
glades and brown and bosky recesses, and we saw, far din 
tant on the skirts of the densely wooded land, a flre-belcb 
ing volcano, over-canopied by its cloud of smoke atu 
ashes. And now, when the curtain again rises, we t 
the same tract occupied, far as the eye can reach, by i 
broad ocean, traversed by a pale milky line, that wenda ii 
dimpling way through the blue expanse, like a river throa^ 
a meadow- That milky way of turbid water indicates tit 
course of a deep-setting current, that disturbs, far benextl 
the impalpable mud of the Chalk. Sailing molluacfl car 
in their galleys of pearl over the surface of this unci 




Sea; fistes of long extinct species dart with suddea gleam 
through its midille depths; and far below, on its white 
floor, the sea urchin creeps, and the spatangns burrows, 
.anfl crania and terebratulffi have cast anchor, and the 
Cnsta GaUi (or carinated oyster) opens its curiously 
plicated valves, carved with the zigzag mouldings of a 
%onnan doorway, and the flower-like marsupite expands 
Its living petals. And, dim and distant in the direction 
■of the future Grampians, we may espy a cloud-enveloped 
'istand ; but such is its remoteness, and such the enveloping 
base, that we can know little more than that it hears along 
its shores and on its middle heights a forest of nameless 
trees, unchronicled by the fossil botanist. 

In bringing to a ciose this part of my subject, let me 
here remark, that, if we except the obscure and humbly 
organized diatomaeete, — a microscopic family of organ- 
isms which some of our authorities deem animal and some 
Vegetable, and of which hundreds and thousands would 
find ample room in a single drop of water, — we have 
now reached a point in the history of our country, in 
which there eiiBted no species of plant or animal that 
exists at the present time. Not a rcptUe, fish, mollusc, or 
xoophyte of the Cretaceous system continues to live. We 
fcnow tliat it is appointed for all individuals once to die, 
'Whatever their tribe or family, because hitherto all indi- 
\ridaals have died ; and Geology, by extending our expe- 
dience, shows us that the same fate awaits on species as on 
^e individuals that compose them. In the one case, too, 
I in the other, death has its special laws; but the laws 
^bich determine the life and death of species seem widely 
4i^rent from those which regulate the hfe and death of 
individuals aud generations. In general, and with but a 
few exceptions in favor of the cold-blooded division of the 
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vertebrata, the higher order of animals live longest, 
man may sorvive for a hundred years; an epheme 
bursts from its shell in the morning, and dies at nigl 
But it is far otherwise with the higher orders of specii 
Molluscs and corala outlive the vcrtebrata; and tribes < 
the low infusory animals outhve moUusca and corals. 'W 
know not that a single shell of at least the Litter Plei 
tocene period has become extinct; but many of its noblet 
quadrupeds, such as the Irish elk, the cave-bear, tiger, an 
hyena, and the northern rliinoceroB, hippopotamus, aa 
elephant, exist no longer. And aa we rise into the romol 
past, and take farewell, one after one, of even the low< 
forma, — shells and corals, — and get into a formation a 
of whose risible organisms are old-fashioned and extinc 
■we apply the microscope to its impalpable dnst, and agau 
among still humbler and lowher ebapes, find ourselves { 
tho presence of the familiar and tbe recent. In anoth* 
sense than that which the old poet contemplated, we leam 
from the history of species that tbe most lowly are 
most safe. 

" The tallest pincB i^l mOEt the power 

or wintry blasts; tlio loftiest Wwor 
Comes heaviest to the ^^Dnnd. 

The bolts that spore tbe mountidn side 

His clond-cap't eniinencQ dlriile, 
And spread the rnui toond." 

How long some of these extinct species may hare livtij 
ve know not, and ma.y never know; but in all cascB th^ 
term of existence must have been very extended. Ert 
the extinct elephant lived long enough as a species 1 
whiten the plains of Siberia with huge bones, and to fot 
quarries of ivory that have furnished tho ivory marlcrt- J 
for year after year with its largest snpplies. And of som« 
of tbe humbler species of animals, tbe period during wbtclt 
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hej- Lave continued to live must have been vastly more 
■olraelecl. Cyprina Islamiica seems to h.ivo come Into 
:isteiice at least as early as the fossil elephant ; and now, 
.ousands of years after the boi'cal pachyderm ia gone, the 
)real shell atill csists by millions, and evinces no symp- 
of decline. And yet, since the eommencement of the 
■eat Tertiary division, series of shells, as hardy, appar- 
itly, as Cyprina, have in succession come into being, and 
len ceased to be. The period over which we h.ave passed 
includes generations of species. But there w.as space 
for them all in the bygone eternity. It has some- 
times appeared to me as itj from our own weak inability 
to conceive of the upper reaches of that awful tide of 
eoDtinuity wbieh had no beginning, and of which the 
measured shi'eds and ftagments constitute time, we had 
become jealous lest even God Himself should have wrought 
in it during other than a brief and limited space, with 
which our small faculties could easily grapple. 

" Oh, who can slrive 
To comprebcnd tho vast, (be awflil truth 
Of tho eternity that hath gone by. 

And not recoU from the UismHring eenee 

Of human impotonrel Tho liflj of man 
Is eammed In birthduys and in sepuithres. 
Bat iba etornal God hod ao beginning." 

There are two groat infinites, — the infinite in space 
id the infinite in time. It were well, surely, to be hum- 
e enongh to acknowledge it accordant to all analogy, 
St as He who inhabits eternity has filled the one limit- 
IB Toid — that of space — with world upon world and 
upon system, fhr beyond the reach of human ken, 
i should also have wrought in the other limitless world 
'tbat of time — for age after age, and period after period, 
• beyond the reach of human conceptio 



LECTURE FOURTH. 



The Contiiiuily of ExiBlcDCe twice brokca In GeologicHl Hi^tuiy — Tbf 
gieti Geologfool Dlvlslooi repreaentalire of three fndopcHdenl Ordera of A 
letiBceB— Origia of the Wealdeo in England— lis grant D^b ind B^ 
AntlqnitT —The guenlon wbellior tlJe Weald Furmutlun helongi to the Crtk 
oeons or the Oolitic Synttm determined in Ikvor of the Inlter by in PoiitiaKl 
Bootlud — Ite OrguJEmi, DonniEting of both Salt and Freth Water Aolraal 
Indlestlve of liB Fluviatile Origin, but in proximity 10 tbc Oaeui— TbeOi 
lien ofthe Weald in Uoroiebire — Their OrgaiilFiiu — Tlie&i2i6iU*-£)piH of ti 
NortJiumberUnd Coal Pils — Origin of its Name— The Fnuaeworlt of S«q 
land — The CDndltions nnder which it may have been formed — The Llaa ai 
the Oolite produced by tlie iHet great Uphescal of its Kortbcm Moontalni- 
Tht line of ElovBtioo of (he Lowland Counties — LotaliUeu of tbe OoHt 
DeiHBiis of SoollBud-Ils Flora and Fauna-Uistory of one of 1« Pt 
Trees — Its Anlnml Orgauisms — A Walk into the Wilds of tbe Oolit* Hilta 
Sutberland. 

The mystic thread, with its three sti-ands of blad 
■white, and gxay, Bpun by the sybil la "Giiy Mannering 
formed, she said, a "full bank, but not a haill ane:" 
lengthened tale of years which it symbolized " waa thri^ 
broken and thrice to asp." I have sometimes thought a 
that wonderfully mingled and Tariousty colored thread o 
existence which descends from the earliest peiiods know 
to the geologist down to our own times, as not nn^t] 
represented by that produced on this occasion from ti 
spindle of the gipsy. We find, in its general tissue, specai 
interlaced with and laying hold of species, as, in the thre 
fibre is interlaced with and lays l^phl of fibre ; a 
tbia arrangement the fibres, though not themselves contint 
ons, bat of very limited length, form a continuous cord, a 



'Species of limiteil duration, llial .il, oertiiiii piirts in the 
; of time began to be, nnd at certain otlicr parts 
kcame extinct, form throughout immensely extended 
periods a continuous cord of existence. New s|jeciGs had 
e into being ere the old ones dropped away and disap- 
d ; and there occurred for long ages no break or 
the coarse, just as in the human family there 
) abrapt break or hiatus, from the circumstance 
bat new generations come upon the stage ere the old 
pnes make their final exit. But in the geological thread, 
1 that of the sybil, the continuity is twice abruptly 
en, and the thread itself divided, in consequence, into 
^hree parts. It is continuous from the present time np to 
3 commencement of the Tertiai-y period ; and then so 
iAimpt a break occurs, that, with the exception of the 
nioroBCOpic diatomaceoa, to which I last evening referred, 
md of one shell and one coral, not a single species crosses 
the gap. On its farther or remoter side, however, where 
^e Secondary division closes, the intermingling of species 
kgain begins, and runs on till the commencement of this 
t Secondary division; and then, just where the Pa- 
olo division closes, wo iind another abnipt break, 
jd, if crossed at all, — for thei-o still exists some doubt 
B the subject, — by but two species of plant.' And then, 
■om the farther side of this second gap the thread of 
being continues unbroken, until we find it terminating 
irith the first beginnings of life upon our planet. Why 
Iheee strange gaps should occur, — why the long descend- 
iig cord of organic existence should be thus mysteriously 
1 three, — we know not yet, and never may; hut, 
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S.Q the division into books and chapters of some great 
/ork on natural history, such as that of Cuvier or BufTon, 
t serves to break up tlie whole according to an intelligible 
plan, the scheme of which we may, in part at least, aspire 
to comprehend. The three great divisions of the geol- 
ogist, — Tertiary, Secondary, and Palaeozoic, — of which 
these two chasms, with beginnings of life on the one hand, 
and the present state of things on the other, form t^ 
terminal limits, — represent each, if I may so express my- 
self, an independent dynasty or empire. Under certain 
qualifications, to which I shall afterwards refer, the Ter- 
tiary division represents the dynasty of the mammal ; the 
Secondary division the dynasty of the reptile; and the 
Palaeozoic division the dynasty of the fish. Each of the 
divisions, too, has a special type or characteristic fashion 
of its own ; so that the aspect of its existences differs as 
much in the group from the aspect of the existences of 
each of the others, as if they had been groups belonging 
to different planets. The vegetable and animal organisms 
of the planet Venus may not differ more from those of the 
planet Mars, or those of Mars from the organisms of the 
planet Jupiter, than the existences of the Tertiary division 
differ from those of the Secondary one, or those of the Sec- 
ondary one from the existences of the Palaeozoic division. 
Beneath the two great divisions of the Cretaceous sys- 
tem, and consequently of more ancient date, there occurs 
in the sister kingdom an important series of beds, chiefly 
of lacustrine or fluviatile origin, known as the Wealden. 
Before the submergence of what are now the south-eastern 
parts of England, first beneath the comparatively shallow 
sea of the Greensand, and then beneath the profounder 
depths of the ocean of the Chalk, a mighty river, the drain- 
age of some unknown continent, seems to have flowed for 



many ages along tbese parts of Kent, Surrey, ami Susses, 
known as the Valley of the Weald. The bonks of this 
old nameless river were covered with forests of coniferous 
trees of the Pine and Arauearian families, with cycadese 
and ferns, and were haunted by gigantic reptiles, herblv- 
oroua and caraivorons, some of which livalled in bulk the 
mammoth and the elephant; its waters were inhabited by 
^mphibiie of the same great class, chiefly crocodiles and 
chelonians of extinct species and type; by numerous fishes, 
too, of the old ganoid order; and by shells whose families, 
and even genera, still exist in our pools and rivers, though 
the species be all gone. Winged reptiles, too, occasionally 
flitted amid its woods, or sped over its broad bosom; and 
insects of the same family as that to which oar dragon flies 
belong spent the first two stages of their existence at the 
bottom of its pools and shallows, and the tei-minal one in 
darting over it on their wings of delicate gauze in quest of 
itiieir prey. It is stated by Dr. Mantell, our highest author- 

T on the subject of the Weald, that the delta of this 
great river is about two thousand feet in thickness, — a 
thiflkneas which quadruples that of the delta of the Mis- 
riarappu There can be little doubt that the Amcricaa 
"B'ather of Waters" is a very ancient river; and yet it 
would seem that this river of the Wealden, which has now 
existed for myriads of ages in but its fossilised remsuns, 
Wdden under the Wolda of Surrey and Kent, — this old 
■Svw, which flowed over where the ocean of the Oolite 
OUCe had been, and in turn gave place and was overflowed 
■*y tiie ocean of the Chalk, — continued to roll its down- 
""ard waters amid forests as dense and as thickly inhabited 

■ Uiose of the great American valley, during a period per- 
**9|>8 four times as extended. 

Compared with the English formation of the Weald, 
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which extends over a wide, and what was at one time a 
very rude district, our beds of the Scotch Wealden are but 
of little depth, and limited extent. And yet they serve to 
throw a not unimportant light on the true character and 
place of the formation. It occurs in England, as I have 
said, between two great marine systems, — the Cretaceous 
and the Oolitic ; and the question has arisen, to which of 
these systems does it belong? Now, our Scotch beds of 
the Weald determine the question. They make their ap- 
pearance, not at the top of Oolitic deposits, as in England, 
but intercalated throughout the system, — occurring in the 
Isle of Skye, where they were first detected many years 
ago by Sir Roderick Murchison, immediately under the 
Oxford clay, a bed of the Middle Oolite ; and at Brora, 
where they were first detected a few twelvemonths since 
by Mr. Robertson of Elgin, in pretty nearly the same me- 
dial position, and where what is known as the great Oolite 
occurs. Three years ago I had the pleasure of detecting 
a bed of the same lacustrine or estuary character, and 
bearing many of the characteristic marks of the Weald, 
greatly lower still, — lower, indeed, than any fresh-water 
deposit of the Secondary division in Britain. I found it 
occurring not forty yards over the bottom of the Lias, — 
the formation which constitutes the base of the Oolitic 
system. In Morayshire the Weald occurs in the form 
of outliers, that rise, as at Linksfield, in the immediate 
neighborhood of Elgin, into low swelling hills, resting on 
the Old Red Sandstone of the district, and so thoroughly 
insulated from every other rock of the same age, that they 
have reminded me of detached hillocks of debris and ashes 
shot down on the surface of some ancient moor by some 
painstaking farmer, who had contemplated bringing the 
waste under subjection to the plough. But though value- 



from their (letacheJ character, for lietermining tlic 
plnce of the formation, they serve better than the intet^ 
calated beds of Ross, Skye, and Sutherland, to establish 
by their animal remains tbo palieontological identity of the 
Scotch with the English Wealden. 

Rather more than twelve years ago, the late Dr. John 
Malcolrason, of Madras, — a zealous and accomplislied ge- 
ologist, too early lost to science and his friends, — brought 
with him, when on a visit to the Continent, several speci- 
mens of ichthyic remains from a Morayshire deposit, and 
Submitted tbera to Agassiz. " Permit me," said the natur- 
alist, "to find out for myself the formation to which they 
belong." Ife passed hand and eye over tooth and spine, 
plate and bone, and at length set hia finger on a single 
scale of rhomboidal form and briglitly enamelled aurfaee. 
"Some of these teeth," he said, " belong to the genua Hybo- 
^aB,bnt tbe species are new, and the genus itself has awtds 
3. Here, however, is something more determinate. 
This scale belongs to the Lepidotua minor, or ichthyolite 
of the Weald, and one of the moat characteristic fislies 
of the great fresh-water formation of Surrey and Kent." 
The fossils on which the distinguished ichthyoloo^st thns 
promptly, and, as it proved, con-ectly decided, had been 
collected by Mr. Malcolmson from the Wealden outlier 
,«t Linksfield ; an'd the ichthyolite which he ao specially 
Bugled out — the Lepidotus — seems to have been s 
fresb-water fish of the nearly extinct ganoid order, and 
more nearly alsin to the Lcpidosteus of the North Amori- 

a rivers and lakes than to any other fish that now exists. 
By much the greater number of its contemporaries in the 
^deposit also belonged to lakes and rivers. Some of the 
limestone slabs are thickly covered over by fresh-wator 
fhella, of types very much akin to those which still occur 



in oiir pools ami ditches, such as Plaaorhia aud Piiludin; 
It presents !ilso beds of a fresb-iviiter mussel akin to i 
muHsel of the English Weald, — Mytilits Zi/eUii ; and i 
HO abounds in the remains of those minute, one-eyed c 
taceans known as the Cyprides, that the vast numbers a 
their egg-shaped shelly cases give to some of the beds 8 
stracture resembling the roe of a fish. It contains, to<s 
bones of a species of tortoise, and several other decided^ 
fresh-water remains ; while another class of its organiai»| 
aerve to show that it was occasionally visited hy denize! 
of the sea. It has furnished specimens of hones and tei 
of Plesiosaurus, — a marine reptile ; and some of the upj 
beds contain a small oyster; while a class of its remai 
— the teeth and huge dorsal spines of Hybodonts, aii e 
tinct family of sharks, — though they may have been fitW 
to sustain life in brackish water, seem to indicate rather^ 
aea than a lacustrine or river habitat. The deposit t 
place in all probabiUty in the upper reaches of an estuai 
operated npon by the tides, and at one time fresh and 1 
tmotber brackish, and where, in a certain debatable tra 
the fishes, reptiles, and shells of the river met and niingU 
with the fishes, reptiles, and shells of the sea. I may me 
tion, that in the immediate neighborhood of the freah-wati 
or Weald beds, intercalated, as in Ross and Sutherlan 
with the marine deposits of the Lias or Oolite, there i 
ways occur beds of a species of shell which, though it S 
hibits internally a peculiar structure of hinge, unlike I 
other known to the conchologist, bears externally Ti 
much the appearance of a mytilus or mussel. It seeua! 
have lived in brackish watei", .ind to have marked a tn 
sition stage between the marine and lacustrine, — the s 
and the fresh ; for immediately under or over it, as t 
case occurs, the explorer is ever sure to find produetioBH j 



Ihe land or of fresh water, — Jake or nver shells, such n 
oyclas or paludiiia, or portions of terrestrial plants, and ot 
casionally of fresh -water tortoises. This transition shell i 
known as the Perna. These notices you will, I am afraid 
1 tediously minute; but they indulge us with at leas 
a glimpse of a portion of what is now our country durini 
an immensely extended period, of which no other record 
erists. "Where some nameless river enters the sea, we de- 
termine, as through a thick fog, which conceals the line of 
banks on either hanrl, that the watei-s swarm with life, rep- 
tilian and ichtliyic ; the glossy scales of the river Lepidotus 
. bright through the depths ; while the shark-like 
£lybodiiS from the distant ocean shows above the surface 
his long dorsd fin, armed with its thorny spine ; and o 
beds of sheila of mingled charactei-, a carnivorous fresh- 
■water tortoise, akin to the fierce Trionyx of the southern 
.parts of North America, meets with the scarce more foi-m- 
idsble sea-bom Flesiosaurus. 

Ja these Morayshire outliers of the "Weak! we first find 
in. situ in our country (for we need scarce take into account 
the Tertiary beds of Mnll), fossiliferous deposits that have 
V^*ii converted into solid rock; and certainly the appear- 
ance of some of the sections is such as to awaken curiosity. 
In the section of Linksfield, in the neighborhood of Elgin, 
though the thickness of the deposit does not exceed forty 
)bsti there occur numerons alternations of ai^illaceous and 
*Bloapeons beds, differing from each other in color and 
'F'Slity, and not unfreqnontly in their fossils also ; and each 
w whioh evidently represents a state of things which ob- 
i daring the period of their deposition, distinct from 
seeding and succeeding states.^ Strata of gray, 




green, bliio, and almoat black clays, alternate with beds 
liybt green, light brown, gray, and almost black liruestotii 
and Biich i3 the effect, when a finst section is opeued in t 
deposit, as Bomotimes happens to facilitate the working 
a limestone quarry below, that one is reminded, by I 
variety and peculiar tone of the colors, of the inlaid wo 
of au old-faahioned cabinet made of the tinted woods whi 
were in such common use about two centuries ago. Sot 
of these bands seem, from their contents, to be of Hed 
water ; some of marine origin ; one bed nearly four feet il 
thickness is composed almost exclusively of the shell] 
coverings of a minute crustacean, — Cypria globosa, — m) 
half the size of a small pin-head; one is strewed over witi 
the teeth of sharks; one with the plates and scales o 
ganoidal fishes; in one a small mussel Is exceeding 
abundant; another contains the shells of Planorbis tuii 
Palndina; in this layer we find a small oyster, which must 
have lived in the sea ; in that, a Cyclas, the inhabitant of 
a lake ; here the plates of a river tortoise ; there the bonca 
of the marine Plesiosaur. Of all the many-colored strata 
of which the deposit consists, there is not one which does 
not speak of that law of change of which the poet, aa if in 
anticipation of the discoveries of modem science, einga so 
philosophically and well: 

or chance or cbange, oh i let not man complain. 
Else shall he noTer, never cease to wail ; 

at Bjde and the sea. " Between the shore and the eea," ho save, " Ihetw- 
1b al low water aiv impassable gnlr of deep mnd, which can neither bo 
trarerEed lif walkloK or swimming, so that for near one-half of the twenty- 
four hours Ryda ia Inaccessible by friend or foe," The sutne traiM now i« 
oecnpiod by an expanse of Ann white sand, which IbnnB esccllent bathing 
ground; hut immcdiiuolj uodor, at the depth of from ci^'hlcen inclim ta 
two feet, tha nind of Fleldlntj'e days Is fbund occoning . 



For Shrni the imperial dome, to whcro tTio Bn-Bin 
Rears the lona cottaffo in tiie silent dulo, 
All feci the asaaiilt of Fortano's ficltle gnle; 
Art, empire, eanh itself, to change are 'loomed: 
Eartliq unites hSTO raised to hosven the liiimlile VRle, 
And gullii tlie moiintaia'a mighty mass entomlKd; 
And where the Atlantic rolls, wide continents have bloomed. 



, Regarded, too, as the record of, if I may so express my- 
self a party-colored time, these party-colored layers are of 
no little interest. There forms in the recesses of tbe 
Northumbrian coal-pits a party-colored clay, consisting of 
I gray and black layers, which, from a certain pecuiiarily to 
which I shall immediately advert, bcara the name of Sa6- 
hath-stone. The spiings which ooze into the pits are 
, chained with a fine impalpable pipe-clay, which they 
1 deposit in the pools and waters of the deserted workings, 
and which is of a pale gray color approaching to white. 
When the miners are at work, however, a light black dust, 
struck by their tools fi-om the coal, and carried by car- 
ronis of air into the recesses of the mine, is deposited 
along with it; and, in conseqnenco, each day's work is 
rriai'ked by a thin black layer in the mass, while each 
'"»iglit during which there is a cessation of labor, is repre- 
sented by a pale layer, which exhibits the color natural to 
t-lie uliiy. And when a cross section of the substance 
t'ttiin deposited comes to be made, every week of regular 
t^f^ililoyraent is found to be represented by a group of six 
■*>«ck streaks closely lined off on a pale ground, and each 
t'Sabhath by a broad pale streak interposed between each 
■ Coup, — exactly such a space, in short, as a clerk, in keep- 
■'""g tally, would leave between his fagots of strokes. In 
>«n» curious record a holiday tabes its piaco among the 
I "Wking days, like a aecontl Sabbath. "How cornea this 
I *6l!k to have two Sabbaths?" inquired a gentleman to 
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whom a epecimen waa shown at one of llie pits 
blank Friday," replied Ibe foreman, " waa tbe day of 
races." — "And what," said the visitor, " means tlus 
empty space, a full fortnight in breadth and more?"- 
that apace," rejoined the foreman, "showB the time of 
strike for wages : the nieu stood out for three weeks, 
then gave in." In fine, the Sabbath-stono of the 2C 
thumbrian mines is a sort of geologic register of the w 
done in them, — a sort of natural tally, in which the b 
mentiiiy agent keeps the chalk, and which tells when 
miners labor and when they rest, and whether they I 
their Sabbaths intact or encroach upon them. One w( 
scarce expect to find of transactions so humble a record 
the hciirt of a stone; but it m.-iy serve to show how 
cinions tliat narrative might be, could we but read, 
aright, which lies couched in the party-colored layers! 
the Morayshire Wealden. All its many beds, 
black, and gray, argillaceous and calcareous, record 
workings of nature, with her alternations of repose, 
time of frequent vicissitude, and amid its annals of cbi 
ical and mechanical change embody in many an epi 
dical httle passage its exhibitions of anatomical strui 
and its anecdotes of animal life. 

Before passing on to the Oohte, as developed in I 
land, or rather to our Scotch deposits of the mi 
Oolite, — for what wc call our Wealden is, as I 
shown, merely an estuary or lacustrine Oolite, — lei 
solicit your attention to a few points illustrative of 
may be termed the framework of our country. There; 
two sets of conditions ander which land may arise 
the ocean. Its hills aud plateaus may bo formed by 
subterraoean forces violently thrusting them up, like 
wedges, through the general crust of the e.arth, and 



wer tlie ocean level ; or it may be brought ii|i to the light 
masse by a, general elevation over wide areas 
the unbrolien orust itself; or land may agaiu sink 
mder these two sets of conditions : it may sink in conse- 
(uence of a, breaking up and prostration of its fi-amework 
' the average level of the cmst, — of a striking back, 
' I may so speak, of the protruded wedgea; or it may 
uik in coDRecjuence of a general depression over a wide 
ttea of "the portion of the crust on which its framework is 
sected. Thus Scotland might disappear under the waves, 
pther by some violent earthquake convulsion that would 
ike down its hills and table-lands to the general level 
fw the earth's crust, and of consequence wholly destroy its 
contoar; or it might disappear through a gentle sinking 
'*'' llie area that it occupies, which would leave its general 
*'**Qtonr unchanged. Were there a depression to take jilace 
*'hcre it now rises, of but one foot in five 'hundred over 
^ iirca a thousand miles square, its highest mountain 
^^Bmits would bo hnried beneath the sea, and yet the 
*^niour of the submerged land would remain almost iden- 
''cally what it is, — its hills would retain the same rdative 
^''^vation over its valleys, and its higher table-lands over 
"■S lower plains. Now, in the later ages of its history, — 
"* those ages, for instance, in which the ice-laden ocean of 
^e boulder-clay rose high along its hill-sides, and it ex- 
"Hed as a wintry archipelago of islands, — there seems to 
*ve taken place scarce any change in its framework : the 
i through which it sank, and the elevations 
"ibongh which it rose, seem to have been depressions 
|^*Hd elevations of area; and, whether under or over the 
^aves, it continued to retain its general contour. The 
*st great change which affected its framework, and gave 
a difiercnt profile in relation to the general surface of 
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tlie globe from tliat whicli it had borne iu the esirli 
— tlie change which thmst up its Intest-bom linos 
mountains liko weclgoa through the earth's crust, — was 
a change which took place a little posterior to ttiat period 
of its liistory at which I am now arrived. We find tl 
its last lines of hills disturbed and bore up with thi 
deposits of the Lias and of the Oolite, but of 
formations. The gigantic Ben Nevis and Lis Ani 
brethren of the saTne group were raising their hi 
and shonlders through the earth's crust, to form the fUti 
landmarts of our country, shortly after the period wl 
the river Lepidoids of the Woaldcn wore disporting 
the same brackish tract with the Ilybodont sharks of 
seas, and its fresh-water Cheloniaus and marine Flesiosanra 
met and intermingled in the same neutral rocks of ea— 

The last great paroxysm of upheaval among our Sco^ 
tish mountains seems to have operated in lines that tras^ 
ersed the country diagonally from nearly south-west t^ 
south to north-east by north, — the line indicated by th^E 
of the great Caledonian Valley. We find a northe^r^, 
district of considerable extent ploughed in this dii'ection 
by the great parallel glens traversed by the Spey, fhe 
Findhorn, the Nai™, and the Ness. The nortliera shore 
of the Moray Frith, too, with that i-emarkable line of hill* 
which includes the Sutors of Cromarty, pertains to tWs 
system, as also the higher mountain range which rises 
along the coast of Sutherland, and to which the Ord IBll 
of Caithness belongs. These lines of hills, wherever tliey 
have come iu contact — as .along the shores of the Mora)' 
Frith — with beds of the Lias .and Oolite, have di3tni*ed 
and tilted up, at a steep angle, their edges. The bill of 
Eathie, in the neighborhood of Cromarty, — a hill of the 



Beries in which the two Sutora occur, — has at one place 
e up the Lower Lias on ita flanks at an angle of eighty; 
^nd among the rocks of the Northern Siitor there is a tall 
predpice of the Old Red Sandstone, with an uptilted 
deposit of the Lias at its base, whose abrupt, dizzy front, 
3 haunt of the eagle, and still that of the blue 
^awlc, was evidently, ere the eleTation of the scries, part 
iOf the horizontal platform on which the first Liassic stra- 
,4nm had been deposited. What was a flat suhmarine bot- 
<lom then, is a steep i^'y-mantled precijiico now. Across 
4^6 long deep valleys and mountain ridges of this last line 
f upheaval in Scotland, — the hne to which Ben Kevis, 
Milfourveny, and the Ord Hill of Caithness belong, and 
whose period of elevation a high Continental authority, 
Slie de Beaumont, regards as identical with that of the 
Mont Pilaa and Cote d'Or of France, — we find a greatly 
less continuous, because more interrupted and broken, set of 
lodges, running in a nearly westerly du'octioii. The friths 
Domocb, Cromarty, and Beauly, with all the bays 
■ Mtinlochy and TJrquhart, Loch Oich and Loch Eil, 
Vhich all strike westwards across the country from off the 
reat diagonal trench of the Caledonian Valley, indicate 
9)6 direction of this second and earlier line of upheaval. 
Esayearher line. The hills of the diagonal Ben Nevis 
ine disturbed and broke up the Oolite, whereas the hills 
|f the transverse, or, as I may term it, Ben W'eavis line, 
Esturbed and bore up with thera nothing more modem 
iiaa the Old Red Sandstone, I have described the 
lortbem part of the kingdom as consisting of a great 
mary nucleus, surrounded by strata, more or less 
roken, of Old Red Sandstone, Lias, and Oolite.' Let 

■ To which is Co be now added Silurian. 
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UB now fiirther conceive of that nucleus as a, stony fi 
that had been first plonghed across and fretted into de< 
AirrowB and steep mountainous ridges, and tlien In an a 
period ploughed dingooally, so as partially to efface I 
foi-mer ploughing, so that only in the direction of the U 
ploughing do the ridges and furrows remain tolerablj 
entire, — let ua, I say, canecivo of such a ploughed field, 
and we will have a tolerably adequate conception, bo fi* 
as it goes, of the framework of at least the norlh«: 
portion of Scotland. In the southern part of the kinj 
dom there is yet another line of elevation exbibite 
whose direction fi-om nearly north-east to south-west n 
fiad indicated by the nearly parallel lines in which I 
greater formations of the Lowland conoties, from the olsq 
states that flank the Grampians, to the Grauwackea of t] 
border districts, sweep across the country. I fear that tl 
homely illustrations which I have to employ in renderii 
my subject comprehensible, — such as wedges struck i 
wards from below, — a field first ploughed across and thei 
diagonally, — may have the efiect of so reducing my snfr— 
ject in your minds into a mere model, that, through th^ 
necessary reduction, more may be lost in expansiveness o^* 
feeling than gained by any substitution of clearness o£" 
view. There can be little doubt that in the conceptions^ 
of mind, as in the collocations of matter, the porta&l^S 
means the small; and that Goethe exercised bis wontet^^ 
shrewdness in remarking, that when the ancients spok^^ 
of tbe unmeasurahle earth and the illimitable sea, it wa^3 
with a profounder feeling than any now exercised by tU^^ 
geographer in a time when cveiy sehool-girl can tell tbuC 
the world is round. You will, however, remember, 
though my illustrations are small, my subject is large; t 
such of my audience as have sailed over the profbo) 



f deptlisof Loch Neaa, — depths greatlyraore profound than 

Lihose of the Gei-man Ouean bfyonJ, — and seen those 

times of msaet monntaias, 80 often capped with cloud, and 

■ 80 often, even at midBummcr, streaked with snow, — that 

a either hand, and that inclose fi'om sea to sea that 

mighty trench which the old nnsophisticated Highlander 

learned to distinguish as the great Glen of Albyn, — when 

tliey call np to memory the noble features of the scene, — 

the long retiring vista on either hand, purjile in the fir 

distance, and rememher that that vast rectiUnear hollow 

forms but ono of the plough furrows of my illustration, — 

tlicy will see that that with which I am in reality deal- 

le Bubihue of nature, and that even the details 

I of my Bubject, liglitly appreciated, are not suited to lower 

I our conceptions of the wonderful workings of old of Him 

l-trfao, by processes which science is but now aspiring to 

omprehend, "gathered the waters together into one place, 

hat the dry land might appear," and laid the deep-seated 

bnndation of the mighty hills. 

Xet us now pass to the Oolito proper, and its base the 

uias, as we find them developed in Scotland. They form 

F^nt a comparatively small portion of the surface of the 

I country, — not much more, it has been estimated, than 

L^Xty square miles; nor can I refer definitely to any 

■narked peculiarity of scenery in the districts in which 

t^ey oocar. The Oolites of Sutherland extend westwards 

lO^ southwards fi-om the Ord Hill of Caithness to the 

J^iDage of Golspie, a distance of about sixteen miles ; and 

ffoltn, under the nigged line of hills against whose flanks 

Ptbey recline, a green narrow strip of low country, that, 

I *iierB not too deeply covered up by debris of the Primary 

1 J^sks, transported from the interior during the Pleistocene 

1 .5*ri(id, is, for its extent, of great agricultural value, and 



besn on its coltored sar&c« tbe rich fields and exteo^^ 
woods of Banrobin, llie stately castle of the old earls c 
Satfaerland. Farther to the west and south, along t 
eastern shores of Cromarty and Ross, diptached patches fl 
the Lbs Dccar, as at Shandwick, at the Northern Suta 
of Cromarly, at the Southern Sator, and at the Hill ( 
Eathie, — each patch occurring directly opposite, and lean 
Ing against, one of the upheaved hills, which, as I havj 
already said, were nndonhtedly the agents in rai»ng s 
bringing it to the snrface. The Lias and Oolite also a 
pear on the southern side of the Moray Frith, In i 
counties of Moray and Ban^ but merely as outliers c 
very limited extent, and sorely broken up or ground dow; 
by the denuding Pleistocene agencies. On the western j 
coast of Scotland the Lias may be seen on the mainland J 
at Applccross, and on the sides of Loch Aline, opposite ^ 
the Sound of Mull ; while in the inner Ilebrides, it fornis,^-: 
with the Oolite, tliough greatly ovei'flown by trap, thei^a 
base of the larger part of the island of Mull, of two ol~"J 
the Small lales, Eigg and Muck, of Raza and Scalpa, antfci: 
of large tracts of the eastern and northern half of Skye ^^ 
At Broadford, in the latter island, the Lias forms th^» 
whole of the rich level islet of Pabbn, which, lying ac .^ 
at anchor in its fjuiet bay, reminds one, from its prevaiL^K 
ing color and form, of one of the low, green steamboat-i::^ 
of the Clyde. Opposite Pabba, the Liassic deposit sweep^d 
across the mainland of Skye from sea to sea, along a B^ f^^ 
valley some two or three miles wide; but while the m- — i 
nulo Liaasic islet resembles, from the softness of its oil — U 
line, an islet of England set down in a hill-enclosed bcs^j- 
of the Scottish Highlands, there is nothing Enghsh in I'^ie 
soenio character of the Liassic valley. It is a brown azxt/ 
Bombre expanse of marsh and moor, studded by hln^. 




clreaiy locbans, interesting, however, to the botanist, as 
the habitats of the rare Eriocaulon aeptangulare. The 
waste is haunted, too, say the Highlanders, liy Ludng, a 
malignant goblia, not more known elsewhere in Europe 
than the rare plant that in the last age used to be seen 
at dusk hopping with immense hops on its one leg, — for, 
unlike every other denizen of the snpemattiral world, it la 
Hot furnished with two, — and that, enveloped in rags, 
and with fierce misery in its hollow eye, has dealt heavy 
lilows, it is said, on the cheeks of benighted travellers. 
Certainly a more appropriate spectre coold scarce be sum- 
moned to walk at nights over the entombed i-emains of 
the old monsters of the Lias than one-legged Ludag, the 
^blin of the wastes of Broadford. Sucli, in brie^ is & 
f of our Oolitic deposits. They occupy, as I have 
*aid, but a small portion of the surface of Scotland ; and, 
thoQgli coal has occasionally been wrought in them, and 
"loagh they furnish in several localities supplies of lime 
*'*<i of building stone, their economic importauce is cora- 
P*»^tively small. But a well-filled volume — the life- 
**ig work of some laborious chronicler — may have no 
Hemic importance in the lower and humbler sense, 
^'d may yet form a valuable record of bygone transac- 
™na and events suited to delight and instruct throughout 
^^ generations. And it is thus with the Oolitic deposits 
*** Scotland. Their innumerable strata, closely written 
*ltliin and without " in .1 language in which every 
<*aracter is an organism, form the leaves of a record in 
'Hcb many of the marvellous existences that fiouriahed 
"*ring what are geologically the middle ages of our coun- 
"^ft history are well and wonderfully preserved. Instead 
w dieeipsting your attention by describing at length the 
"Wsils of its various deposits, I shall attempt giving you 
16* 



a general idea of the whole noder the ordinary diviaio 
of aDimal and vegetable, as they have come to my know 
edge during the researches of at least thirty years. 

In one of ita features Oolitic flora of what is now S 
land must have resembled its flora in the present, o 
in the past age, ere our native pine-woods had yielded t 
the axe. Trees of the fir or pine division of the Conifeni 
many of them of slow growth and large size, must haT 
formed huge forests in a province of the land of the Oolit 
which extended from what is now the island of Mull ( 
the Ord Hill of Caithness. The Scuir of Eigg, a subaerii 
mole of columnar pitchstone, four hundred feet in heigtv 
and perched on the ridge of a tall hill, rests on the remain 
of a prostrated forest, as some of our submarine moles r 
on foundations of piles. And of this forest all the tn 
seem to have consisted of one species, — a conifer of th< 
Oolite now known to the fossil botanist na the PiniU 
Eiggensia, or Eigg pine. Branches and portions of ih 
trunks of a similar pine are not unfi-equent in the Liaa Qi_ 
Eathie and Ross ; and in shalc-bods of the Lower Oolite 
in the neighborhood of Helmsdale there occur in abnn 
dance fossil trunks and branches, mingled with cones ai 
the narrow spiky leaflets characteristic of the family. 
havQ reckoned in the transverae section of a Helmsdal 
pine-trunk about two feet in diameter, more than a hna 
dred annual rings. And from the rings and roots of somt 
of the others, its contemporaries, I found that cnrion 
insight might be derived respecting the state and condi 
tion of vegetable life in the old Scotch woods of 1 
Oolite, In the fii-st place, the annual rings themselva 
told me, when exposed to transmitted light in the micro) 
scope, that the winters of that time gave vegetation ] 
decided a check as our winters now. The tender wood" 



cells were first dwarfed and thickened in tlielr formation 
by the strengthening of the autumnal cold, and ther 
a season they ceased to form altogether. But then the 
spring came, and over the hard concentric line drawn by 
the chill hand of winter they began to form themselvea 
anew in full-sized luxuriance; and thus, year after year, 
Mid for century after century, the process went on. Some 
of these ancient pine-trees grew in rich sheltered hollo^-a, 
and acquired bulk so rapidly, that they incre:i8cd tlieii* 
diameter eight and a half inches in twenty years; othei-* 
grew so slowly, thiit they increased their diameter only 
two and a hidf inches io forty years. And it is a curioiai 
circumstance, that in both those of slower and of mor* 
rapid growth we find alternating groups of broader and 
narrower annual rings, indicating apparently gi'oups of bet- 
ter and worse seasons. Lord Bacon remarks in one of his 
Easaya, — the Essay on the Vicissitude of Things, — that 
" Twas a circumstance first observed in the Low Countriea 
(the provinces of the Netherlands), that there were eer* 
''Un meteorological cycles of seasons — groups of warmer 
■Del groups of colder summers, and of more temperate a 
^^ less temperate winters — which periodically came rouncL 
*Sw-xii, And we have seen not cry e ful attempt* 

^''o*!* in our own times to mea e tl e e cjcles and reduce 
'^m to a formula, from 1 1 the n t e of the coming 
S^^Bona might be dete n nel bef hand But there can 
*** little doubt — what e the a e the o der of their 
****GOrreiice — that alte nat ons of g oups f colder an(i 
^■rnjer, belter and wo e seas n lo o ir and it seem^ 
t^^ope than probable th t n ob 1 n to some occult law;, 
** little understood in tl p t e s wl n its oper**. 

^ti8 were tirst detected n tl e Neth 1 nd Scotland had 
^■^^ the limes of the Oohte as ce t-unly as now, its i 
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groapa of chill and of genial saminers, and of tem- 
peiite and severe winters. And the well-marked rings of 
it* fossU Conifene remain to attest the feet. TTc can even 
determine the kind of soil into which a certain proportion 
of these ancient pines struck root. It was extremely shal- 
low in Borne localities, and lay over a hard bottom. We 
find that some of the fossil stumps shot out their roots 
horizontally immediately as they entered the earth, and 
sent down no vertical prolongations of the trunk into the 
subsoil, — an arrangement still common among the roots 
of trees planted on a shallow stratum of soil resting' on a 
hard bottom. Further, we are stiU able to ascertain that 
the hard bottom that underlay the soil in which some of 
the Oolitic pines of Helmsdale grew was composed of Old 
Red flagstone, identical in its mineral composition and 
organic remains with what is now known as C^thness 
flag. 

But let us trace the history of a single pine-tree of th* 
Oolite, as indicated by its petrified i-eranins. This gnarled 
and twisted trunk once anchored its roots amid the cran- 
nies of a precipice of dark-gray sandstone, that rose over 
some nameless stream of the Oolite, in what is now the 
north of Scotland. The rock, which, n ot wit b standing its 
dingy color, was a deposit of the Lower Old Red Sand- 
stone, formed a member of the fish-beds of that system,' 
— beds that were charged then, as now, with numerona 
fossils, as strange and obsolete in the creation of tlie Oolite 
ns in the creation which at present exists. It was a firm, 
tm destructible stone, covered by a thin, barren soil; and 
tho twisted rootlets of the pine, rejected and thrown back- 
wards from its more solid planes, had to penetrate into its 
narrow fissures for a straitened and meagre subsistence, 
^tree grew but slowly: in considerably more tl 



LECTURES ON GEOLOGT. 1813 

a century it Iiacl attained to a diameter of little more than 
ten iiiclies afoot over the soil; and its bent and twisted 
fona gave evidence of the life of liardsfiip to wliicli it was 
Opposed. It was, in trutli, a picturesque rag of a ti-ee, tliat 
fur the first few feet twisted itself round like an overborne 
■wrcBtler struggling to escape from under his enemy, and 
then struck out an abrupt angle, and stretched itself like 
s bent arm over the stream. It must have resembled, on 
ltd bald eminence, thiit pine-tree of a later time described 
"by Scott, that lugh above "ash and oak," 

"Cast nnchor in tho rifted rock. 
And o'er tbe giddy c^liasni bang 
His shaicered Iranh, and Oequsnt flung, 
Where seemed the cliflS to meet on hiRh, 
Hia bonjjhs alhwarl tlie narrowed Eky." 

le seasons passed over it : every opening spring gave its 
inge of tenderer green to its spiky foliage, and eveiy 
ttuming autumn saw it shed its cones into the stream 
slow. Many a delicate fern sprang up and decayed 
lund its gnarled and fantastic root, single-leaved and 
limple of form, like the Scolopendria of our caverns and 
~oet recesses, or fretted into many a slim pinnate leaflet, 
.ike the minate ntaiden-kair or the graceful lady-J'erii, 
Plying reptiles have perched amid its boughs ; the light- 
tvinged dragon-fly has darted on wings of gauze through 
llie openings of its lesser twigs ; tbe tortoise and the lizant 
iiiave liybemated during the chills of winter amid the hol- 
.OW8 of its roots; for many .years it fonned one of the 
minor features in a wild picturesque scene, on which hu- 
man eye never looked ; and at length, touched by decay, 
its iipper branches began to wither and bleach wJiile in 
winds of heaven ; when shaken by a sudden hm-ricano 
that came roaring adown the ravine, the mass of I'ock ia 



LECTDfiES OH GEOLOaT. 

which it had been anchored at once gave wav, nnd, beai 
ing fast jammed among its roots a fragment of the 
vhich we still find there, and from Trhiuh we read a p 
tion of its story, it was precipitated into the foaming 
rent. Dancing on the eddies, or lingering amid the poolfl 
or shooting, arrow-hke, adown the rapids, it at length 6nt. 
its way to the sea ; and afler sailing over beds of massivi 
coral, — the ponderous laastrea and more delicate Thatib. 
naatrea, — and afler disturbing the Enaliosaur and Belcm 
nite in their deep-green haunts, it sinks, saturated i 
water, into a bed of arenaceous mud, to make its appear 
ance, after long ages, in the world of man, — a marbl« 
mummy of the old Oohte forests, — and to be curiously 
interrogated regarding its character and history. 

The pines of our Scotch Oolite — some of thci 
have shown, or rather as my specimens show, of exceeA"- 
ingly slow growth — are suggestive of a temperate, if noj 
severe climate. The family of their contempoi^aries, how 
eyer, to which I must next refer as not less characterise 
of tbo flora of this ancient time than the conifene them 
selves, is now to be found in a state of natm-e io only th< 
warmer regions of the earth, and can be studied in t 
part of the world in but our conservatories and greeu 
hoDSes. It is known to the botanist as the Cycada< 
family ; and at least two of its genera, Cycaa and Zamia,f 
wo find well represented in the Oolitic deposits of Soot-, 
land. In the Zami;i, a cylindrical, squat, scale-coveraA 
pedestal is fringed along its upper edge by a ring of long 
pinnate leaves, that radiate outwards like the spokes of | 
wheel from the nave; and, placed on the centre of t 
pedestal, there is, when Uie plant is in fniit, a handsom 
cone. The io»t aiiacmhk is as if a jiine-apple, with tJli 
pot in which it grew, and with its leaves arranged like i 
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niff'iTiuncI its stein, formed altogether but one plant. The 

Cycas is usually taller than Zitiuia; the leaves also, of 

the compound pinnate chai'acter, are Bmuiler and more 

bushy; and it resembles, as a whole, a decapitated palm, 

with a coronal of fern bound atop, as if to conceal the 

matilation. With these Cycadacffi there flourished in the 

auarshes of the period plants of a family still widely spread 

.■^rer the various chmatal zones, but which now attain to 

iny considerable size only within the tropics. I refer to 

Equisetacete, or horsetail fiimily, — slim, eooe-crowned 

ilanta, fringed with green verticillate leaves, or branches 

■ather, and wliich in this country are rarely thicker than a 

j^ill, or rarely exceed eighteen inches in height, but which 

lave been found in the intertropical swamps of South 

-A-merica iifteen feet liigh, and three inches in circumfcr- 

^nce at the lower pai-t of the stem. In the Oolite of 

Scotland, a w^ell-marked, long-estinct species, the Squise- 

columnare must have attained, judging from tba 

ihtclEiiess of the stem, which is soraetimea full three inches 

"* diameter, to at least thrice the size of its tropical con- 

E^iiera. As shown by its remains, which occur in the 

'Ignite shales of Brora, it must have been a plant of con- 

"depable elegance of form, encircled at each joint in some 

*** the specimens by torus-like mouldings grooved cross- 

*>ae, traversed in the spaces between by longitudinal 

•^^wkings, delicately punetulated, and gracefully feathered " 

*oin root to pointed, top by its verticiilate garlands of 

*l>iky leaves. The Lycopodiacea or club-moss family, 

**ietmg in rather massier and more aboraceous forms than 

"<**, though reduced in a greatly more than equal degree 

^^^^Ta their gigantic congeners of the Coal Measures, were 

"*0 abundant (as shown by the rocks of Helmsdale) in 

^ Oolitic flora of Scotland ; and with these there min- 



gled Tarions gcnci-n, consisting of numerons species 
well-marked ferns. Ferns, iutleed, so far as we yet kno 
may he regarded as forming the base, and pines the ajM 
of the terrestrial Oolitic flora ; and between these ti 
extremes most of its other productions seem to ha 
ranged. The Cycad.icete possess certain charactera whii 
belong to both : they are, if I may so speak, fem- 
with, in some instances, a, pecnliarity of aspect wl 
seems also to ally them to the palms. Again, the Ly« 
podiaceic, intermediate between the mosses and the 
may be described as fern-mosses, with a peculiarity 
aspect in some of the Oolitic species that secmB to ol 
thom to the pines. And the Equisotaceas belongs to 
least the same sub-class as the ferns, — the Acrogei 
The Palmie, as shown by the EngUsh deposits, were a] 
present in the Oolitic flora: nor is it probable that 
species of vegetation which the old Yorkshire of tj 
Oolite possessed, the old Scotland of the Oolite ehou 
have wanted ; though I have not yet eacceeded in 
the remains of palms io any of our Scotch deposits. 

The auiraal productions of oar country during this ej 
period were divided, like those of the present time, in' 
the four great Cuvierian divisions, all of which we i 
find In a fossil state iji our rocks. Corals akin to the ti 
ical forms, — some of them of great size, — with star-fif 
and sea-eggs, represent the radiata; a fossil lobster 
occurs in the Lias of Cromarty somewhat meagrely repi 
Bents tlie articulata. The shelled mollusca we find ve; 
largely represented in almost all their classes and &miUi 
from the high Cephalopods to the low Brachipods; and: 
this division the peculiar ch.Tj'acter of the Oolitic system 
more strongly impressed than even on its floi'a. Its eoraj 
though many of them of great size, as I have ^w^H 



and of elegant form, might almost pass for those of the 
intertropical aeaa of the present day; nor ave its crustaceai 
and iDsects, even where best preserved, aa in the OoUtea 
of England, of a character widely different from those 
which Btill exist. But by much the larger part of its 
mollasca bear the etaiup of a fashion that has perished. 
It 18 chiefly, however, iii its molluscs of the first class,' 
the Cephalopoda, — creatures of a high standing in theit, 
division, and represented in the present day by the nauti- 
lus and the cuttle-fish, that we recognize in its fullest extent 
this extinct peculiarity of type and form. Its Brachipoda, 
chiefly terebratulie, not unfrequent in the Sutherland OoU-. 
tea, and in the Lias of Cromarty and Skye, — its periwin- 
kles, whelks, avicnlffi, pinn^, pectens, oysters, and mussels^ 
ie"w of them wanting in any of our Scotch Liassio or Ooli-. 
t.j<: deposits, and many of them very abundant, though all. 
if»«cifically extinct, present us, though with a large admix- 
K*.:re of strange and exotic forms, with many other forma 
i^ith which, generically, at least, we ai-e familiar. But 
»*aong the Cephalopoda all is strange and unwonted ; and 
t»-«ir vast numhera — greater at this period of the world' 
'-Story than in any former or any after time — have the 
**«ct of imparting their own unfamiliar character to the 
""oole molluscan group of the Oolite. I need but refer to 
'^''o families of these, — the Belemnite family and the fam- 
*2r of the AmmoniteH ; both of them so remarkable, that 
'Mey attracted in their rocks the notice of the untaught 
"^habitanta of both England and Scotland, and excited 
•«eir imagination to the point at which myths and fables 
*•* produced, long ere Geology existed aa a name or waa 
■■Oown as a science. The Belemnitea ai-e the old thunder- 
•Wlte of the north of Scotland, that, in virtue of their sup- 
posed descent from heaven, were deemed all potent in 
17 



certdn cases of bewitchment and the Ammonites are 
those charmed snakes of the mcdiiBTal legend, 

" That eaeli one 
Was clianged Into a coil of gtone, 
When holy Hilda prayed." 

The exact affinitiea of the Belemntte femily have formed a 
subject of controversy of lato years among our higheat 
authorities, — men such as Professor Owen takiDg up 
side, and men such as Dr. Mantell the other. But there 
can he little doubt that it more nearly approached to onr 
existing cuttle-fishes than to any other living animaJaf 
■while there is no question that its contemporary the 
monite is now most nearly represented, though of course 
only approximately, by the nautilus. The Belemnite ex- 
isted in some of its species throughout all the formationa 
of the great Secondary division, hut neither during th< 
of the Palfflozoic nor yet of the Teitiary divisions ; ) 
Ammonite, on the other hand, though in an extreme a 
aberrant form, preceded it by several formations, but be^ 
oame extinct at the same time, — neither Ammouite nor 
Belemuite outliving the deposition of the Chalk. 

The first great division of the animal kingdom, t1 
vertebrata, was represented in Scotland during the Oolit 
period by fishes and reptiles. Its fishes seem to have been' 
restricted to two orders, — that placoid order to which the 
existing sharks belong, and that ganoid order, now wetl- 
nigh worn out in creation, to which the Xepidoateug c£.l 
the North American lakes and rivers belongs, and to whi 
I incidentally referred in connection with the Lepidoti 
of the Weald. I have fomid in the island of Elgg 
of a limestone composed almost entirely of fossil shi 
which were strewed over with the teeth of an e: 



■ genus of sharks, the Hybodonts; and I have seen the 
R doi-sal sjiines of the same placoid divisioQ occasionally 
■•occurring among the Oolites of Sutherland and the Lias 
H of Eathic. And scales, cerebral plates, and in some ia- 
H Btances considerable portions of individuals of the ganoidal 
H Bpeeies, glittering in the enamel to which they owe their 
B name, occur in all the Oolitic deposits of Scotland. Of 
^■'Onr Scottish reptiles of the Oolite we have still a good 
^|-'dGBl to learn. I was fortunate enough iu 1844 to find in 
^m a deposit of Eigg, and again at Helmsdale in 1849, the 
^1 lomains of several of its more characteristic Enaliosaurs, 
^1 or bepaddled reptiles of the sea ; at Helmsdale I found 
^M vertebral joints of the Ichthyosaurus in a conglomerate 
^m Iovbt in the Oolite ; and in Eigg, in a stratum composed 
^B of littoral univalves, vertebral joints, phalanges, and por- 
^ptiORa of the humerna and of the pelvic arch of Plesiosan- 
W *Tis, together with the limh-bones of crocodileans, and 
ft 'fragments of the carapace of a tortoise. Previous, how- 
% 'ever, to even the earlier date of my discoveries, the tooth 
I of a Saurian had been found in the Sutberlandshire Oolite 
lT>y Mr. (now Sir Roderick) Murchiaon, and the limb-bone 
i of a Chelonian with a sauroid vertebra, in the outlier of 
ft «>e Morayshire Weald at Liuksfield. My collection, how- 

■ ever, though still very inadequate in this department, con- 
B^*UiB, in quantity at Ic.ist, and, I am disposed to think, in 
^■■Briety also, some eight or ten times more of the reptilian 
^^**nains of Scotland, during the Secondaiy ages, than all 
^^P>« Other collections of the kingdom. They at least serve 
^V*> demonstrate that the Oolitic period in what is now our 
^B^lmtry was, as in England and on the Continent, a period 
^^^V huge and monstrous reptiles, — that the bepaddled 
^H^v^osaurs, the strange reptilian predecessors of the Ce- 
^^pMea, haunted our seas in at least two of their generio 
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forms, — t.liat of the Ichthyosaur and that of the 
eiositur; tLat oiir rivers ivcrc fi-equented by fortnidabl 
crocodiles; and that tortoiecs of various periehod epeci 
lived iu our lakes and marslies, or, according to their i 
tures, disported on the drier grounds. Kor is it probablM 
that the other reptiJian monsters of the time, tho con 
temporaries of these creatui-es in England, would havtf 
been wanting here. We may safely infer that flocks ( 
Pterodactyles — reptiles mounted on bat-like wings, s 
as wild and monstrous in aspect and pftportion as roma^g 
cer of the olJen time ever feigned — fluttered througl 

tall pine-forests, or perched on the cycadetB and t 
;ree'fems ; that the colossal Iguanodon and gigantic Hji 
Iteosaurus browsed on the succulent equisetacece of the 
low meadows ; that the minuto Amphitheriam, an inseo- 
niammal of the period, lodged among the feros 
OE the drier grounds, where estinct grasshoppers cliirped 
throughout the long bright samraer, and antique coleoptera 
burrowed in the sand ; and that far off at sea there were 
momeuts when the sun gleamed bright on the polished 
sides of the enormous Cctiosaunis, as it rose from the bot- 
tom to breathe. But I must close this part of my subject, 
— tho Scottish flora and fauna of the Oolite, — on which 
my narrow limits permit me, as you see, to touch at merely 
a few salient points, — with two brief remarks. Firit, _ 
So rich was its flora, that its remains formed on the eai 
coast of Sutherland a coal, or rather lignite Qeld, so cooil 
siderable that it was wrought for greatly more than a oeft- n 
tury, — at one time to such effect, that during the twdra 
yeare which intervened between 1814 and 1826, no fewi 
than seventy thousand tons of coal were extracted froi 
one pit. Second, The strange union which we find ii 
same beds of trees that seem to have languished nod.* 



chill anci severe skies, with plants, corals, and shells of a 

tropical or semi-tropical character, need not be regarded 

chained with aught Hke conflicting evidence respecting 

the climatal conditions of the time. Climate has its zones 

larked out as definitely by thousands of feet on our hill- 
Aides as by degrees of latitude on the surface of the globe ; 
i&nd if the Scotland of the Oolitic period was, as is prob- 
able, a mountainous country traversed by rivers, produo- 
laons of an intertropicaT, and of even a aemi-arctic char- 
acter, may have been not only produced within less than 

day's journey of each other, but their remains may have 
ibeen mingled by land-floods, as we find the huge corals of 
jHelmsdale blent with its slow-growing pines, among the 
debris of some littoral bed. The poet's exquisite descrip- 
tion of Lebanon suggests, I am disposed to think, the true 
reading of the enigma: 

" Like a glotr the broad sun 
Hongs over saluted Lebonou, 
Whoso head in wintry grandeur towers, 

Aad whitens with eternal eleet; 
■While aummcr, in a vala of flowers, 

la BlECplng rosy at his feet." 

The mere lists of the botanist and zoologist are in them- 
repnlBive and un-iJeaed ; and yet the existences 
^hioh their arbitrary signs represent are the vital marvels 
creation, — the noble forests, fair shrubs, and delicate 
"^■Wers, and the many-featured denizens of the animal 
^>"ld, so various in their forms, motions, and colors, and 
' Wondrous in their structure and their instincts. I have 
*^ii presenting you this evening with little else than a 
■*>■ hst of the Scottish productions of the Wealden and 
V^litie ages, — a list necessarily imperfect, and all the more 
■nggestive from the circumatanco that, as myiiads of 
17» 



ages had ehpsed between the extinction of the races an! 
familiea whiuh its eigos represeDt, and theii- first appliea 
tion as signs, so these nigns, in tlieir character as vocable^ 
belong to languages as dead as the organiama themselve^ 
The organisms were dead and buried, and converted in 
lignite or stone, long ages ero there was language enoiii 
in the world to furnish them with names; and now t 
dead has been employed to designate the dead, — dea^. 
languages to designate the renTains of dead creatioi]& 
Could we but see the productions of our country as thejrf 
once really existed, — could we travel backwards into th^ 
Taniebed pnst, as wo can descend ^nto the strata that c 
tain their remains, and walk out into the woods, or sloBg 
the sea-shores of old Oolitio Scotland, — we should 1 
greeted by a succession of marvels strange beyond t 
the conceptions of the poet, or at least only equalled \ 
the creations of him, who, in his adventurous song, senfc 
forth the lady Una to wander over a fairy land of drear 
wolda and trackless forests, whose caverns were haunts 
dragons and satyrs, and its hills the abodes 

" Of drafltlAil beasts, that, whoa they drew to handa, 

Half-flying and half-flouting, ia their haste. 
Did wJlh their lai^ness meHanre o'er much 

And made wide Bhndow nnder bnlksome w^a^j 
As moBataln doth the ralley oreccaate; 

And trailing scaly tailfl did rear ftfbre 
Bodies aH mooslronB, horibill, and vastc 

Let ua, however, ere we part for the evening, adventure 
short walk into the wilda of the Oolitic, in that portion 
space now occupied on the surface of the globe by t-le 
north-eastern hills of Sutherland, where they abut on t-TiB 
precipitous Ord. 
, We stand on aa elevated wood-ogvered ii$^ (b4> ,^ j 
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Jie one hand overlooks the blue sea, aod descends oa the 

r towards a. broad river, beyond which there spreads a 

[wide expanse of n mountainous, forest-covered country. 

I The higher and more distant hills are dark with pines; 

I and, save that the sun, already low in the sky, is flin^ng 

I ftthwart them his yellow light and gilding, high over 

I shaded dclls and the deeper valleys, cli^ aud copse, and 

bare mossy summit, the general coloring of the backgronnd 

vould be blue and cold. But the ray falls bright and 

warm on the rich vegetation around ua, — tree-fema, and 

I tsU olub-mosses, and graceful palms, and the strangely 

I |iroportioned cycadacese, whose leaves seem fronds of the 

r trackeu. fixed upon decapitated stumps ; and along the 

banks of the river we see tall, intensely green hedges of 

ihe feathered equisetacese. Brown cones and withered 

spiky leaves strew the ground; and scarce a hundred 

yarda away there is a noble Araucarian, that niises, sphere' 

like, its proud head more than a hundred foet over its 

fellows, and whose trunk, bedewed with odoriferous bal- 

90^11, glistens to the sun. The calm stillness of the air 

makes itself faintly audible in the drowsy hum of insects ; 

tliere is a goi-geous light-poised dragon-fly darting hither 

and thither through the minuter gnat-like gi-oupes; it 

fettles for a moment on one of the lesser ferns, and a small 

insectivorous creature, scarce larger than a rat, issaes 

I noiscleasly from its hole, and creeps stealthily towards it. 

1 But there is the whirr of wings heard overhead, and, lo ! a 

I ■'Mtaater descends, and tho little mammal starts back into 

|"« hole, 'Tis a winged dragon of the Oolite, a camivor- 

18 reptile, keen of eye and sharp of tooth, and that to the 

■Wd and jaws of the crocodile adds the neck of a bird, the 

**■' of an ordinary mammal, and that flo.ita through the air 

"1 leathern witigs resembling those of the great vampire 



biit. We have seen, in the minute, rat-like creatnre, o 
of the two known mammals of tliia vast land of the C 

— the insect-eating Amphitkerium ; and in the flyin 
reptile, one of its strangely organized Pterodactyls. 

Bnthark! what sounds are these? Tramp, tramp, tramp, 

— crash, crash. Tree-fern and club-moss, cycas and zamia, 
yield to the force and momentum of Bome immense reptile, 
and the colossal Jguanodon hreaks through. He is tall as 
the tallest elephant, but from tail to snout greatly more 
than twice as long ; bears, like the rhinoceros, a short 
horn on his snout; and has his jaws thickly implanted! 
with saw-like teeth. But, though formidable from I»l^ 
great weight and strength, he possesses the comparative 
inoffensivenesa of the herbivorous animals ; and, with nO ^ 
desire to attack, and no necessity to defend, he i 
slowly onward, dehherately munching, as he passes, the 
succulent stems of the cycadacea. The sun is fast sinkingj^ 
and, aa the light thickens, the reaches of the neighboring 
river^display their frequent dimples, and ever and anon 
long scaly backs are raised over its surface. Its namerous 
orocodileans are astir; and now they quit the stream, and 
we see its thick hedge-like lines of equisetaceje open and 
again close, as they rustle through, to scoiu-, in quest of^ 1 
prey, the dank meadows that line its banks. There t 
tortoises that Tvill this evening find their protecting armci 
of carapace and plastron all too weak, and close their loq 
lives of centuries. And now we saunter downwards to t] 
shore, and see the ground-swell breaking white in ) 
calm against ridges of coral scarce less white. The shord 
are strewed with shells of pearl, — the whorled AmmoniMj 
and the Nautilus; and amid the gleam of ganoidal scale* 
reflected from the green depths beyond, we may see tU 
phosphoric trail of the Belemnite, and its path is < 



sliclls of strange form and name, — the aedentary Gryphica, 
ithe Fernn, and the Flagioatoma. 

Bat lo! yet nnother monster. A snake-libe form, sur- 
iBioiinted by a crocodtlean head, rises high out of the water 
iirhhin yonder coral ledge, and the fiery, sinister eyes peer 
Inquiringly round, as if in quest of prey. The body is but 
'^mly seen ; but it is short and bulky compared with the 
Bwao-like neck, and mounted on paddles instead of limbs ; 
► that the entire creature, wholly unHke anything which 
'Pow exists, has been likened to a boa constrictor threaded 
ftirough the body of a turtle. We have looked upon the 
^lesiosaunis. And now outside the ledge there is a huge 
crocodilean hoad raised ; and a monstrouB eye, huger than 
iJiat of any other living creature, — for it measures a full 
Soot across, — glares upon the slimmer and less powerful 
lepUle, and in an instant the long neck and small head dis- 
appear. That monster of the immense eye, — an eye so 
eonstrncted that its fo<;u3 can be altered at will, and made 
to comprise either near or distant objects, and the oi^an 
itself adapted either to examine microscopically or to ex- 
plore as a telescope, — is another be-paddled reptile of the 
ftlie sea, the Ichthyosaurus, or fish-Iiaard. But the night 
s on, and the shadows of the woods and rocks deepen : 
liere are uncouth sounds along the beach and in the forest ; 
ixd new monsters of yet stranger shape are dimly dis- 
covered moving amid the uncertain gloom. Reptiles, rep- 
, reptiles, — flying, swimming, waddling, walking; — 
1»8 age is that of tho cold-blooded, ungenial reptile ; and, 
»Tein the dwarf and inferior forma of the marsupials and 
JMectivora, not one of the honest mammals has yet ap- 
?**red. And now the moon rises in clouded majesty; and 
now her red wake briglitens in one long strip of the dark 
t we may mails, whwe the CetiosanruB, » aort of ^ 
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reptilian whale, comes into view as it crosses the lighted 
tract, and is straightway lost in the gloom. Bat the night 
grows dangerous, and these monster-haunted woods were 
not planted for man. Let us return then to the safer and 
hetter furnished world of the present time, and to our 
secure and quiet homes. 



I 
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LECTURE riFTH. 

lof tbe Billof Eathle — The Besuty af iu Shores — Its DepoeiU, faoj 
I— Their ADimal Organisms indicaliie of Bncceeslre PlBCfbrnuof 
-The Lbwb of Ceiieration and of Death— The Triiaefe SyBleo 
ulo IDd Geogniphlo ImporUncc — Animal Footprinla, but no 
lamslhundlnll- TheScienceof JrinoIogyorigiPBledinlhisfact- 
br the appearance of the CompeneaUonPond, near Edinburgh, In 
lenomenon indicated by the Foolprinta In (he Trissaic System —The Tr 
Permian Sjalems once regarded as one, under tlie name of Ihe Hen 
one -The Coal Meaautei in Scotland nent InOrderof Sncoeta 

Cna Ueaaures of Scotland — Tbeir Scenic Feculiarltiea - And 
Carbonlferotu Ferlod- Its Fauna- Its Iteptlles and Hepti 
other OrganiBma of the Period — Ureal Depth of the Byslem — 
(J- irhiflh during countleu Agea it had been formed. 



Jjiae forms, as I ha^ve already had < 
the base of the great Oolitic system. I Jcalt ii 
dress with the productions, vegetable and animal, o 
long ages of the world's history which the varionj 
ta of this system represent, and attempted a restoni 
'some of its more striking scenes, as they must h 
L of old, in what is now Scotland. But in giant 
tore at the Lias, we must pass from the living to tl 
—from the vital nayriads that ( 
iry that contains their remains. I shall select as n 
le a einglc Liassic deposit of Scotland, but in 
ts one of the most remai'kable, — that of Eathie, ( 
irea of the Moray Frith, about four miles from t 
rf Cromarty. And in visiting it in its character ai 
bori^-groond, — the final resting-place, not only ^ 
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perished individuals, bat alao of extinct tribes and i 
and in scanning its strangely sculptured monuments, mug) 
ened with hieroglyphics, to which living nature funiis 
the key, we may perhaps be permitted to indulge in eom 
of those reflections which so naturally suggest themselTOi 
in solitary churchyards, or among the tombs of the ancieaj 

The hill of Eathie la a picturesque eminence of granitto 
gneiss, largely mixed with beds of hornblende schist, whioh 
extends, in a Jong precipitous ridge, some five or six bnn- 
dred feet in height, along the northern side of the Moray 
Frith, and forms one of a primary ehiUu of hills, wliich, in 
their upheaval, nptilted deposits of the Lias and OoHte. 
The deposit which the bill Eathie disturbed is exclusively 
a liiassic one : the upturned edge of the base of the forma- 
tion rests against the bottom of the liill ; and we may traoe 
the edges of its Tarious upper deposits for several huni^ 
feet outwards, bed above bed, until, apparently n 
top of the formation, we lose them in the sea. There ii 
wild beauty on the shores of Eathie. A selvage of c 
paratively level ground, that occupies the space betwei 
the rocky beach and an inflection of the hill, seems e 
bosomed in solitude; the naked scaurs and fiirze-covei 
slopes, whore the fox and the badger breed, interpose tbl 
dizzy fence between it and the inhabited portions of tj 
country above; while the rough nnfi^quented shore a 
wide-spreading sea form the secluding barriers below, 
only human dwellings visible are the minute specks | 
white that look out in the sunshine from the dim i 
diluted blue of the opposite coast; and we may s< 
lonely frith broadening and widening as it recedes 
the eye, and opens to the ocean in a direction so nuinU 
rupted by land, that the waves, which, when the i 



kiws from the keen north, first begin to break on the (lis- 
ml lieadlaudB, and tben come runuing up the coitst, like 
ipbtte coursers, may have heaved their first undulating 
ivemcnta under the polar ice. The scene eeems such a 
e as the anchorite might choose to wear out life in, far 
ciety of fellow-man ; and we actuaHy find, in 
exploring its bosky thickets of wild rose and sloe-thom, 
that some anchorite of the olden time did make choice of 
A gray shapeless hillock of Uchened stone, shaded by 
laxuriant tufts of fern, still bears the name of the old 
bhapel; and an adjacent spring, oo whose overhanging 
5»rays of ivy wo may occasionally detect minute tags of 
ind woollen cloth, — the offerings of a long-derived 
iDperstitiou, not quite extinct in the disti'ict, — is still 
nown aa the Saint's Well. Bnt who the anchorite was, 
raditioa has long since forgot; and it was otdy last year 
Aiat I succeeded in recovering the name of the saint from 
D old man, whose father had been a farmer on the land 
Mjsiderably more than a hundred years before. The 
ehapel and spring had been dedicated, he said, to St. Ken- 
hat, — a name which we need scarce look for in the 
Romish Calendar, but which designated, it is probable, 
iOne of our old Culdee saints. 

The various beds of the Eathio deposit, — all, save the 
lowest, which consists of a blue adhesive clay, — are com- 
posed of a dark, finely laminated shale ; and, varying in 
Khickness from thirty foet to thirty yards, they are curi- 
asly separated from each other by bands of fossiliferous 
roestonc. And so impalpable a substance are these 
hales, that, when subjected to calcination, which is neces- 
Y to extract the bitumen with which they are charged, 
nd which gives them toughness and eolierency, they re- 
^into it po wder, ased occasio nally, from 



fineness, in tlie cleaning of polished brass anil coppi 
They were laid down, it ia probable, in circumstances si 
to those in wliich, aa dcBcribed by the late Captain 
Hall, extensive deposits are now taking placo in the TeHJI 
Sea of China. "At sunset," Bays Captain Hall, in the 
narrative of hia voyage to Loo-Choo, "uo land conid be 
perceived from the mast-head, although we were in leas 
than five fathoms water. And before the day broke ntr. 
morning, the tide had fallen a whole fathom, which broagj 
the ship's bottom within three feet of the ground. 
soon afterwards discovered that she was actually sailh 
along with her keel in the mud, which was sufficiently i 
dtcated by a long yellow train in our wake. Some inco 
venience was caosed by this extreme shallowness, as it I 
tarded our lieadway, and affected the steering; but tho 
was in reality not much clanger, aa it was ascertained, 1 
forcing long poles into the ground, that for many £ithoi| 
below the surface on which the soanding lead rested, i 
from which level the depth of water is estimated, the hi 
torn consisted of nothing but mud formed of an impd 
able powder, without the least particle of sand o 
The Liassic deposit of Eathie must have been of slow i 
position. It consists of lamiote as thin as sheets of p 
board, which, of course, shows that there was but litt 
deposited at a time, and pauses between each depoij 
And, though a soft muddy surface could have been of i 
self no proper habitat for the sedentary animals, — scrpul 
oysters, gryphites, and terebratiilm, — we can find fartbl 
that they did, notwithstanding, find footing upon it, by I 
taching themselves to the dead shells of such of tho ft 
or swimming molluscs, Ammonites and Belemnites, oi 
over it, and left upon it their remaina ; from which we 1 
far that the paasca mast have been very protracted, i 
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that thgy gave time aufficient for the Terebratulae, — shulla 
that never moved from the place iti wbich they were origi- 
naUy fixed, — to grow up to maturity. The thin leaves of 
these Liassic voliunca must have been slowly formed aud 
deliberately written ; for as a seriea of volumes, reclining 
against a granite pedestal in the geologic library of nature, 
I uBed to find pleasnre in regarding them. The limestooo 
'bands, cm-iouBly marbled with lignite, ichthyolite, and 
Bhell, formed the stiff boarding ; and the thin pasteboard- 
like laminm between, — tens and hundreds of tliousands in 
lUmber in even the slimmer volumes, — - composed the 
^osely written leaves. For never did characters or figures 
closer in a page than the organismB on the surfaces of 
■^hese leaf-like lamiuic. Permit me to present you from my 
.ote-book with a few readings taken during a single visit 
rom these strange pages. 
"We insinuate our lever into a fissure of the shale, and 
"♦iiiTD up a portion of one of the lamina;, whose surface had 
iSLBt seen the light when existing as pait of the bottom of 
*plie old Liassic sea, when more than half the foimation had 
,BtilI to be deposited. Is it not one of the prints of Sower- 
\yy'a "Mineral Conchology" that has opened up to us? 
■^Sj", the shells lie too thickly for that, and there are too 
™*any repetitions of organisms of the same species. The 
^'awing, too, is finer, aud the shading seems produced 
rather by such a degree of relief in the figures as may 
**®n in those of an embossed card, than by any arrangement 
*" lighter and darker color. And yet the general tone of 
""6 coloring, though dimmed by the action of untold cen- 
,™rieS| ia still very striking. The ground of the tablut is 
deep black, while the coloi-s stand out in various 
P'^ades, from opaque to a silvery white, and from silvery 
*Wte to deep gray. There, for instance, is a group «rf 



\ni-ge Aminonites, as if drawn in while elialk ; there, a clua 
ter of luiuiito bivulvca resembling Pecteiis, eauli of whid 
beara its thin film of silvery nacre; there, a gimcefblt 
formed Lima in deep neutral tint; wliile, lying atbiriu 
the page, like the dark hawthora leaf in Bewick's well 
known vignette, there are two slim sword-shaped leave 
colored in deep umber. We lay open a portion of anotbi 
page. The centre ia occupied by a large Myacites, stil 
beai'ing a warm tint of yellowish brown, and which mm 
have been an exceedingly brilliant shell in its day ; tbei 
ia a Modiola, a smaller shell, but similar in tint, though net 
quite BO bright, lying a few inches away, with an aesem 
blage of dark gray Grypbitos of considerable size ( 
one aide, and on the other a fleet of minute TerebratiUt| 
that had been borne down and covered np by e 
fresh deposit from above, when riding at their anchors 
Wo tnm over yet another page. It is occupied exclic 
sively by Ammonites of Tarioua sizes, but all of e 
species, as if a whole argosy, old and young, convoy^s a 
convoyed, had been wrecked at once, and sent disabled 
and dead to the bottom. And here we open yet anothd 
page more. It bears a set of extremely slender Belera 
nites. They lie along and athwart, and in every poesib 
angle, like a heap of boarding-pikea thrown carelessl| 
down a vessel's deck on the surrender of the crew. Hert| 
too, ia an assemblage of bright black plates, that shine IiIbi 
pieces of japan work, the cei'cbral plates of some fisi 
of the ganoid order ; and here an immense accumulatlOl 
of minute glilteiing scales of a circular form. We app^ 
the microscope, and find every little interatice in the p( 
covered with organisms. And leaf after leaf, for tens a 
hundreds of feet together, repeats the same strange storyj 
The great Alexandrian libi'ary, with its uuanmmed t 



B of ancient litevature, the accumulation of long ages, was 
n but a poor and meagre coUeotion, scarce less iiiioy in bulk 
than recent in date, when compared with this vast and 
I wondrous library of the Scotch Lias. \ 

ta Now, this Eathie deposit is a crowded burying-ground, 
H greatly more charged with remains of the dead, and more 
H thoroughly saturated with what was once anim;il matter, 
^B than ever yet was city biu-ying-grouud in its most unsaui- 
H Uary state. Every iimestonc baud or nodule, yields, when 
H (truck by the hammer, the heavy fetid odor of corruption 
H and decay; and so charged is the laminated shale with an 
H animal-dcrivod bitumen, that it flames in the fire as if 
^1 it had been steeped in oil, and yields a carburetted hydro- 
^B gen gas scarce lesa abundantly than some of our coala 
^B of vegetable origin. The fact of the e.vistfuce, throngh- 
P out all the geological ages, of the great law of death, la 
a feet which must often press upon the geologist. Almost 
all the materials of hia history he derives from cenotaphs 
and catacombs. Ke finds no inconsiderable portion of 
tlie earth's crust composed of the remains of its ancient 
inhabitants, — not of dead individuals merely, but also 
of dead species, dead genera, nay, of even dead creations ; 
a-ml here, where the individual dead lie as thickly on the 
e»-«rfaco of each of many thonaand layers as leaves along 
ttiP forest glades in autumn, — here, where all the speciea 
»nd many of the genera are dead, nay, whore the whole 
creation represented by its multitudinous organisms is 
dead, — the great problem which this law of death pre- 
sents cornea upon the explorer in its most palpable and 
"'"Stint form. The noble verses of James Montgomeiy, 
^"'^'i^what oxagerative in their character when addressed 
51, molehill, become as remarkable for their sober pro- 
P**« *5ty as for their beauty when employed here : - 
18« 
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" Tell me, thou dust beneath my feet. 
Thou dust that once hadst breath, — 
Tell me how many mortals meet 
In this small hill of death? 

By wafting winds and flooding rains. 

From ocean, earth and sky, 
Collected, here the frail remains 

Of slumbering millions lie. 

The mole that scoops, with curious tofl. 

Her subterranean bed. 
Thinks not she ploughs so rich a soil. 

And mines among the dead. 

But O! where'er she turns the ground. 

My kindred earth I see; 
Once every atom of this mound 

Lived, breathed, and felt like me. 

Like me, these elder-bom of clay 

Enjoyed the cheerful light, 
Bore the brief burden of a day, 

And went to rest at night. 

Methinks this dust yet heaves with breath, 

Ten thousand pulses beat : 
Tell me, in this small hill of death 

How many mortals meet." 

What does this inexorable law of death mean, or on 
what principle does it depend ? In our own species it has 
a moral significancy, — " Death reigned from Adam," and 
though a pardonable mistake, no longer insisted on by 
at least theologians of the higher class, the same moral 
character, as a reflex influence, has been made to attach to 
it in its inevitable connection with the inferior animals. 
But in them, it seems to have no moral significancy. 

Bacon makes a shrewd distinction, in one of his Essays^ 
between "death as the wages of sin," and death as "a 
tribufe due to nature;" and wo can now fully appreciate 



he value of tlic distinction. For ivc nnw know t!iat 
trbile, aa tlie wages of sin, it liaa reigned from but the 
Kill of Adam, it has reigned as a tribute due to nnture 
ihroughoiit the long lapse of the geologic ngea from the 
irat beginnings of life upon our planet. What, then, does 
Hiis inexorable law of death mean ? and ou what principle 
Soes it depend ? 

It waa in mere cobweb toils that those Sadduceea who 
wlieved " not in angel, neither in spirit," endeavored to 
entangle our Savionr, when they propounded to him the 
ase of the woman with the seven husbands, and de- 
manded whose wife of the seven she w.ia to he in the 
Eesurrection. But there was a pi'ofundity in the re]>Iy, 
which the theologians of nearly two thousand years have, 
disposed to think, failed adequately to comprehend. 
"The children of this world marry and are given in mar- 
riage," he said, " but the children of the Resurrection 
leither marry nor are given in marriage, neither can they 
flie any more." Now there seems to be a, strictly logical! 
■eqnence between the two distinct portions of this pro- 
losition, — the enunciation that the denizens of the state 
kfter death do not maiTy, and the enunciation that they 
io not die, which for eighteen centuries there was not 
cience enough in the world adequately to appreciate. 
the marriage provision waa simply a provision tanta- 
nonnt to the original injunction, not of jiaradise merely, 
tilt of every preceding period in which there were organi- 
lations of matter possessed by the vital principle: "In- 
e and multiply, and replenish the earth." And all 
geology presses upon us the conviction, so powerfully 
enforced by the Liassic deposit at Kathie, that, from tlie 
very nature of things, the law of generation and the law 
(^'death, wherever space is limited, cannot be dissociated. 
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Each of the mQltitndinoiiB leaves of the Lias formed 
auccei'sion an upper surface, or platform, ou wliieli, SM 
certaia period of time in the world's history, living and 
sentient creatures pursued the several instincts of their 
natures, and then ceased to exist. And so immense, in 
many instances, was the crowd, that, had the existence 
of two platforms been restricted to the occupancy of only 
one platform, they would have lacked footing. A dense 
crowd of living men may find ample standing-room io ^| 
ancient city churchyard, occupying, as they do, & AiSet^^M 
stratum of space from that occupied by the dead ; l^^t 
were the dead to revive and arise, it would be imposdIH 
that the living could Und in it the necessary standi^f 
room any longer. They would bo jostled &om tH^I 
places far beyond the limits of the inclosing walL -^^1 
let ns remember, that "the great globe itself which ^H 
inherit " is all one vast burying-gronnd ; nor ts it to onH 
stratum that the densely piled reraaiiis of ha dead aiw 
restricted, nor to one hundred, nor to one thousand, no-J 
yet to one hundred thousand strata. Even in this depouj 
of the Eathie Lias, the successive platforms of the deaw 
may be reckoned up by thousands and tens of thoasandal 
and it would be more possible that a fertile field shoaH 
have growing upon it at once the harvests of ten thou^aiH 
succeeding autumns, than that any one of the platfor^| 
should have living upon it at once the existences of all |^| 
innumerable platforms above and below. The great ]^H 
" increase and tmiltiply" ga,\e to each platform its oo^^| 
less crowds ; and to make room for the continuous op^^M 
tion of this law, the other great law of death came j^^| 
action, and bo the gcnei'ationa of succeeding periods f^^H 
space to pursue their various instincts on plntfomu ^^H 
posed in no small part of tlie perished genemdona ^^H 
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wHch they had Bprong. Throughout the whole incalcula^ 
hie past of our planet, — throtighout all its unmeasured and 
un measurable periods, — the laws of productiou and decay 
have gone inseparably together; they were twin stars on 
the liorizon, tinged by the complementary colors, and bo 
inseparably associated, that the appearance of the one 
always heralded the rise of the other. And to my mind 
ftt least, it does Beem demonstrativo of tbo full-orbed and 
perfect wisdom of the Divine Master of tbo Theolo- 
giiuie, that He, with that quiet simpHcity which Pascal so 
well designates the characteristic style of Godhead, and 
vith a logic too profound to be appreciated at the time, 
should have conpled together the twin laws of production 
Bod decay, as equally inadmissible into that future state in 
which the life of man is to be no longer 

" Sammod np in. blrthdaTS and in sepulchres." 

"The children of the resurrection neither marry nor are 
Biven in marriage, neither can they die any more." 

J'rom the Oolite, with its Liassic base, "we pass on to 
tile Triassie system, — a deposit less cliaracteristically de- 
'■^loped in England than on the Continent, but of much 
("•^cMomic importance, from those vast beds of rock-salt 
T^faieb, in Britain, at least, are exclusively restricted to 
■^is system; and of considerable geographic importance,, 
fifOm its great later.il extent. In Scotland' it occupies 
'Butler more than a hundred square miles of surface, chiefly 
"* Dnmfi'iesshire, along the northern shores of the Solway, 

* There is good roason to beliere that tbe red rocks overlying Iho coal 
9f Cnmbetland, the rod sandetones of Corncockle Mulr, noai' Dumfries, 
0^ -Anshirc reTl Randslones, and those of the Isle of Arran, are all of the 

""■""'m, not Triasaic, epoch. See "Slluriu," ucw edition, p. 351. — 

Vf.S-S. 



and in the line of boundary between the two kingd< 
whoi-e it can boast, among its other celebrities, of 
famous village of Gretna Green, and the whole of Gri 
parish. In England it is chiefly remarkable, in a see 
point of view, for its extreme flatness : its main featurt 
a want oi features. It was, however, at one time, ni 
riouB for its ponds and marBhcs, consequents of the im] 
feet drainage incident to flat low surfaces when of gi 
extent; and in Scotland, though bo much more limited' 
area, it bears this character still. No fossil organisms ha 
yet been found in this deposit in Scotland : it coni 
however, in abundance, traces of the ancient inhabitao 
even more curiously imprinted on the stone than if til 
had left in it the remains of their framework ; and 
interesting as the field in which, from the Ecduloua st> 
of these, and undeteiTed by the skepticism of some of 
highest authorities, the late Dr. DuDcan, of Ruthwell, h 
the first foundations of that curious and instructive 
partment of geologic science since known as Ichndo^ 
The strange reptiles of this ancient time, in passing oi 
the tide -uncovered beaches of the district, left their 
steps imprinted in the yielding sand ; and in this sand, 
longer yielding, bnt hardened long ages ago into 
rock, the footsteps still remain. And with truly wonil 
ful revelations, — revelations of things the most evar 
in themselves, ar>d of incidents regarding which it 
seem extravagant to expect that any record should rei 
do we find these strange markings charged. They ei 
tell us how the rains of that remote ago descended, i 
how its win da blew. 

Let us see whether we cannot indicate a few of at li 
the simpler principles of tiiia department of science. ' 
artifioial sheet of water situated among the Fenthind^j 



Vnown ns the Compensalion Ponil, was laid dry, during 
the warm Bummer of 1842, to the depth of ten fathoms; 
And as a lake bottom ten fathoms from the surface, 13 not 
often seen, I \-isited it, in the hope of acquiring a few 
Cicta that might he of use to mo among the rocks. What 
fitBt struek me, in surveying the hrown sun-baked bottom 
fiTira the shore, was the manner iu which it had cracked, 
in the drying, into irregularly polygonal partings, and that 
tiie ripple-markings with which it was fretted extended 
along only a narrow border, where the water had been 
. Aallow enough to permit the winds or snpcrficial currents 
to net on the soft clay beneath. As I descended, I found 
the surface between the partings indented with numerous 
well-marked tracks of the feet of men and animals, made 
while the clay was yet soft, and now fixed in it by the 
drj'ing process, like the mark of the stamp in an ancient 
.Irnck. And some of these tracks were charged with 
fittle snatches of incident, which they told in a style 
nmarkably intelligible and clear. At one place, for i 
stance, I found the footprints of some four or five shee 
ETbey Gtruck out towards the middle of the hollow, but 
tomod upwards at a certain point, in an abrupt j 
towards the bank they had quitted, and the marks of 
increased speed became palpable. The prints, instead of 
'being leisurely set down, so as to make impressions as ^ 
ihiirp-edged as if they had been carved or modelled i: 
cl«y, were elongated by being thrown out backwards, and 
tiie strides were considerably longer than those in the 
downward line. And, bearing direct on the retreating 
foolprints from the opposite bank, and also exhibiting 
. of haste, I detected the track of a dog. The dctidls 
of the incident thus recorded in the hardened mud were 
•WHplete. The sheep had gone down into the hollow 



shortlv after the retreat of the waters, and while it » 
yet soft; aiid the dog, either actujg upon his own judgt 
ment, or on that of the ehepherd, had driven tlicm bael 
A little farther on I found the prints of a shoed foot < 
small size. They passed onwards across the hollow, tbi 
steps getting deeper and deeper as they wtnt, until nca 
the middle, where there were a few irregular steps, shortei 
deeper, and more broken than any of the others; and 
then the marks of the small shoes altogether disappearet^ 
and a small naked foot of corresponding size took thdji 
place, and funned a long line to the opposite bank. It 
this case, as in the other, the details of the incident were 
clear. Some urchin, in venturing across when the mud 
was yet soft and deep, after wading nearly half the waj 
shod, had deemed it more prudent to wade the rest of. 
it barefoot than to bemire his stockings. In each c 
the incident was recorded in peculiar characters ; and (o 
read such characters aright, when inscribed upon th*. 
rocks, forms part of the proper work of the ichnolasn 
His key, so far at least as mere incident is concerq 
the key of circumstantial evidence ; and very t 
events, as I have said, — events which one would s 
expect to lind recorded in the strata of ancient sj^steiM,— 
does it at times serve to unlock. 

In some remote and misty age, lost in the deep obW^.B 
rity of the unreckoned eternity that hath passed, bul'J 
which we have learned to designate as the Triassic peri94-M 
a Strangely formed reptile, unlike anything which M* I 
exists, paced slowly across the ripple-marked sanii8of*'B 
lake or estu.ary.' It more resembled a frog or toad ti 

1 Heptiica Bro known to Iiotb existed (Vom the period of theOM'' 
Sandstone, where tlieir tracks have lately been diacoyered. Ths l» 
of lilt Coal are of the Uatraihiaii type; Ihc Permian rcptlli 



anj' animal witli wLlcli we are now acqnaintcd ; but to 

the batrachian pecuJiarities it added certain crocodilian 

fenturea, and in aizc nearly rivalled one of our Email Ifigli- 

land oxen. The prints it made very much resembled 

tfiose of a human band ; but, as in the frog, the hinder 

paws were fully thrice the size of the fore ones ; and there 

■fla a gigantic massiveness in the fingers and thumb, which 

those of tbe human band never possess. Onward the crea- 

tare went, slowly and deliberately, on some unknown 

errand, prompted by its instincts; and as tbe margin of 

the sea or lake, lately deserted by the water, possessed the 

necessary plasticity, it retained every impression sharply. 

wind was blowing strongly at the time, and the 

Beavena were dark with a gathering shower. On came 

the rain ; tbe drops were heavy and large ; and, beaten 

telant by the wind, they peneti'ated the sand, not perpen- 

icalarly, a tb y w Id h d e had they fallen during 

calm, b t t d bl gle. But such was the 

eight of tl ytd th t tb igb the rain-drops sank 

deeply int th 1 y de, they made hut com- 

jparatively fai t mp n ts footprints, Tvhere the 

'Compressive effect of its tread rendered tbe resisting mass 

more firm. "We bave here, in a single slab," says Dr. 

Buekland, in referring, in bia address to the Geological 

Society for 1840, to these very footprints, and tbeii- ad- 

jimctB, — "we have here, in a single slab, a combination 

o( proofi as to meteoric, hydrostatic, and locomotive phe- 

Mtnena, which occurred at a time incalculably remote, in 

llie atmosphere, the water, and the movements of animals, 

from which wo infer, with tbe certainty of cumulative 

Unremnstantial evidence, the direction of tbe wind, the 



'hians and Monltoisj wliile [he reptUoB of tlm Trias are Ltib;riiillu>- 
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depth and coarse of the water, and the quarter towards 
which the animals were passing. The latter is indicated 
by the direction of the footsteps which form the track ; 
the size and curvature of the ripple-marks on the sand, 
now converted into sandstone, show the depth and direc- 
tion of the current ; while the oblique impressions of the 
rain-drops register the point from which the wind was 
blowing at or about the time when the animals were 
passing."^ There is another scarce less curious or less 
minutely recorded incident inscribed on a slab of the 
same formation, figured and described by Sir Roderick 
Murchison. It is impressed by the footprints of some 
betailed batrachian, greatly less bulky than the other, that 
went waddling along much at its leisure, like the sheep in 
the nursery rhyme, "trailing its tail behind it." There 
is a double track of footprints on the slab, — those of 
the right and left feet ; in the middle, between the two, 
lies the long groove formed by the tail, — a groove con- 
tinuous, but slightly zig-zagged, to indicate the waddle. 
The creature, half-way in its course, lay down to rest, hav- 
ing apparently not much to do, and its abdomen formed 
a slight hollow in the sand beneath. Again rising to its 
feet, it sprawled a little, and the hinder part of its body, 
in getting into motion, fretted the portion of the surface 
that furnished what we may term the fulcrum of the move- 
ment, into two wave-like curves. Here, again, are we 
furnished, from the most remote antiquity, with a piece 
of narrative of a kind which assuredly we could scarce 
expect to find enduringly recorded in the rocks. Various 
rej^tiles have left curious passages of their history of this 

1 The Labyrinthodon Bucfdandi (Lloyd), formerly believed to be a TrV«»> 
sic reptile, is now ranked as belonginj^ to the Permian fauna. See 
iunj, Quart. Jour. Geol. Soc, Vol. II. p. 108. — W. S. S. 
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Had inscribed on the sandstones of Dumfriessliire; and 
I Sir William Jardine, the proprietor, of some of the 
i^arries, has set himself to the work of illustration, the 
^olog^st may soon hope to bo put in possession of a mon- 
ograph at once worthy of the subject and of so distin- 
guished a. naturalist.^ The footprints first observed by 
Dr. Duncan were chiefly those of tortoises ; but there also 
a the rock numerous tracks of the huge batrachiama 
f the period, with traces of a small animal, scarce larger 
lan a rat; and of a nameless, nondescript creature, whose 
lotprinta might at fii-st glance almost be mistaken for 
^ose of a horse, but the mark'^ of whose toea have been 
^b'aced, in some of the impressions, outside the ring of 
the apparent hoof^ And this is all we yet know of these 
Kptilian Triasaic inhabitants of Scotland. Robinson Cru- 
' Boe has gone down to the sea-shore, and seen, much to his 
astoniehment, the print of a savage foot in the sand. 

According to an old, but not very old, style of nomencla- 

Iture, derived fi-om mineralogical character not yet wholly 

iBolete, the two systems, Triassic and Permian, used to 

I included under one general head, as the New Red 

[landstone, or the Eunter Sandstone of Werner and Jame- 

n, And certainly the mere mineralogist miglit find it 

( easy matter to draw a line between them. Up to a 

tain point in the ascending scale there occur on the 

Jontinent strata of a Red Sandstone, known as the Lower 

Suntcr; and immediately over it, a Red Sandstone known 

t the Upper Eunter,' They lie conformably to each 

1 S«e Sir ■William Jordino's work on the " Ichnologj- of Annandale." 
• Chdidiniis T'laa and Gig^ia JunJinr. — W. 8. 8. 

> The Banter sandetein and Biinter ectiiefer; of which the Bnnter nwid- 
ranliGd as loweat, Trias, and the Banter Bchlef%r aa neper. 
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other, as If they hatl been deposited in imincJi.ite succes- 
sion in 3 Btill sea: thci-e are no traces of jjUysical iMjnvul- 
uon ; the cnrthqoako and the toFQailo had slept at the 
time : there was no devastating inuudatlon of nkolteo fire, 
nor overwhelming wave of translation ; — 

"It wus not fn the buttle; no tempest gave tlieahocki" 

and yet that nndisturjied horizontal Hue marks where one 
creation ended and another began. It was held at one 
time that there was not a single organism, vegetable or 
animal, common to the two great divisions to which these 
eandstone beds belong; but there now seems to rest some 
doubt on the point. In an insulated district of France, 
plants of the Coal Measures have been found in a deposit- 
containing Belemnites; and it is held that the Belemnii 
belongs exclusively to the great Secondary division. BuC*"- 
the specific standing of these Belenmites still remains td^Z^ 
be determined : it is possible they may not be Secondai i ^f ' 
forms; and it has been suggested by M. Miclielln, a dis~.^^ 
tinguished French geologist, that generically the Belcm-^^cn 
nite may not be of the premised importance in referenc».^i3 
to the ago of these Tarentaise beds. " He is inclined," w -"^ 
find him saying, " to eonsider it an instance of the occur^tr .a 
rence of the Belerajiite form in the Carboniferous periocZ:^^ 
rather than of the continuance of the same species oxz:^i 
plants through several successive epochs." 

But, leaving it to the future researches of geologist* IW t 
determine whether there be any, and, if so, how man; .^^^3 
organisms common to the Secondary and Palroozoic divi^ ~ia 
ions, a very slight acquaintance with fossils is siili 
show that between the types of organic nature 
two great divisions there exist diffei-ences and disUnctii 
of the broadest and most palpable kind. In passing 




■arda from the Triassic to the Permian, we seem to pass, 
lot merely from one djiiasty to .another, but, if I may dare 
iploy such a term, from one dispensiition to another. 
So broad are the differences, that they affect whole classes 
of the animal kingdom. In the class of fishes, for instance, 
an entire change takes place in the form of the tail. There 
a few ichthyio families in the present day, snch as the 
sharks and sturgeons, that have nncqnally-lobed t^s, from 
ithe circnmstance that a prolongation of the vertebral col- 
nmn runs into the upper lobe; whereas in ]ierhapa nine- 
teen-twentieths of all the existing families, the vertebi"al 
.column stops short, as in the osseous fishes common at onr 
tables, a little oi'er the lobes, to form for them a medial 
basis, and the lobes themselves are equal. And this eqnal- 
lobei], or, as it is termed, homocercal condition, is the pre- 
Tailing one, not only in the present time, but in all the 
Tertiary and in all the Secondary ages, up till the close of 
the Triassic system. And then, sudden as the sliifting of 
« scene, or as one of the abrupt transitions of a dream, we 
find, immediately on entering the great Palajozoic division, 
*n entire change. The unequal-lobed or hclerocercal tail 
comes not only the prevailing, but the only form, save 
a few exceptional cases, as in that of the Coccosteua of 
^the Old Red Sandstone, where there were no lobes at all, 
'«r as in that of its contemporary the DiplopUnis, where 
the lobes strike out laterally from a prolongation of the 
riiolnmn. In short, the equaljy-lobed tail ceases with the 
Trias, to reappear no more, and the un equal ly-lobed tail 
Akes its place. Similar changes manifest themselves in 
(ther divisions and classes of the animal kingdom. Waiv- 
ng for the present the question raised by the French geol- 
^Bt, M. Michelin, in Britain at least the Bdemnite, so 
^ndant in the Secondary formations, and so characteris- 
19- 
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I of them, liaa no place among the furmations of the 
a peiioil. Save, too, in a few rare and somewhat 
.•(l^iuvocal BpGL'icB, the equally characteristic Ammonite dift- 
jppears.' We take leave also of the scarce less character- 
liatio Gryphites, of the Trigonia, Plagiostoma, and Pema, 
Vith several other well-marked types of shell ; but we find 
r places amply occupied by types exclusively PalKO- 
, - The Orlhoceratilcs, aUaight, conical, chambered ^ 
lells, anticipated, we aee, the place of the Bclemnites; .^^, 

be Goniatites, that of the Ammonites proper; the Beller ~- 

^bon and the Eitoniphalus, unseen in any other peiiod^^. ^< 
I into the general group, and add to the peculiarity of~^t f 
8 aspect ; with a whole array of unwonted forms araon^^^t g 
jlie ^bracbiopoda, such as Spirifers, Producta, Atrypa, aniM2:» -id 
pentaraerus, etc., etc. But it was perhaps in the vegetabl^^ -H^ 
rorld that tbe Palieozoic ages moat remarkably differc^S^^d 
rom those of tlie subsequent periods of the geologists* -^t- 
f-hether Secondary, Tertiary, or Recfut. We read in tbc^ .«zA' 
4der poets, of enchanted forests ; but the true encbanteclv ^^»ei 
brests, stranger, in their green luxuriance, than poet evec^^* "** 
jret fancied, and where tbe botanist, surrounded by i 
lucible shapes that would take no place in his systei 
oiglit well deem himself in a wild dream, were tbe forests*"* 
)( the Coal Measures. 

The Coal Measures of Scotland occupy about two thoii:»'< 
^d square miles of surface, and, though much ovci-flow- - 
ly igneous rock, and occasionally broken through b-* 
patches of Old Red Sandstone, run diagonally r 
tountry, from sea to sea, iii a tolerably well-tlelined hvlT -^^^^^It.. 
leai'ly parallel to the line of the southern flank of tL M'-;*i« 
Srampians. Throughout their entire extent they i 

Ttieao yiews require mucb modiflcatlo)). Sec 
ati,"ia57. — W. S, 3. 




their scenii! pocnliaiities to the trap ; bat where least dia- 
lurhcd, as in the Dalkeith conl-Qeld, they are of an iticoU' 
fipicuotts, low-feat are il chara<;tei-, and chiefly remai-kable 
for their rich fields, as to the eaat of Edinburgh, between 
the Arthur Seat group of hills and the Garlton Iiills near 
Haddington ; or fur their romantic dells and soft pasti 
ViiUeys, such as Dryden Dell, or the valley of Lasswadc, 
or, to enumerate two other well-known represontativa 
tocaUties iu one stanza, borrowed from Macneil, 

" Boslin'e gowanj brass sae bonny, 
Crags and water, woods and i;len; 
Roslin'a bnnkH, onpecred Iiy ony, 
Saro llie Muse's, Hawihoradun." 

5Ta« coal-fields owe some of their more characteristic 

tai'es, especially in the sister kingdom, to man. The tall 

Chimneys, ever belching out smoke; the thickly-sown en- 

il^*»«-hou3ea, with the ever-recurring clank of the engines^ 

i*^ the slow-measured motion of their outstretched arms 

-^n far against the sky; the involved fretwork of rail- 

■^ys, connected with some main arterial branch, along 

'^ich the traveller over and anon marks the frequent 

"^^i-K sweeping by, laden with coals for the distant city; 

'« long flat liaea of low cottages, the homes of the poof 

fillers; and here and there, where the ironstone bands 

-*3^r, a group of smelting fiirnaces;^ — -all serve to mark 

**= Coal Measures, and to distinguish them from every 

**to.er system. And such — striking off the peculiaritii 

^** "tie trap, which has no necessary connection with the 

^**"lioniferoua system, but is common, in some one part of 

the -world or another, to all the systems — are some of the 

*^*tures, natural and superinduced, of this most important, 

^**. an economic point of view, of all the geologic forma-' 



tioDA. They are, as I have a:ud, of no very prominent 
. character. The poet Delta describes, in n fine stanza, the 
I scenery around and to the east of Edinbnrgb. But though 
I tiie area which the landscape includes contains one of our 
I most considerable coal-basins, — a basin many square miles 
j in extent, — it does not furnish him with a single deacrip- 
[ tive reference. Almost all those bolder and more cfaara 
f teristic features of the scene wbtuh his pencil exquisite]}* 
\ tonches and relieves, it owes to the igneous rocks. 

"Traced in a map tbD Inndseftpe lies, 

la cdltared beaaij streiehlng wide; 
Tben FiMUluDd's green accliTitleg; 

Tbere ocenn willi its azure tide; 
There Arthur Seat, and, gleaming tlirongli 

Thy Bouthern wing, Duncdin blno; 
While In the orient, Lanimer'B daughtcra, 

A distant giant tange are Be«a; 
North Berwick Law, with cone of green, 

And Bubs amid the waCcis. " 

The ancient scenery of the Coal Measures would I~ ^ 
I greatly more difficult to trace. As we recede among tf— ^''* 
I extinct creations farther and farther from the present tin::;:*^^^^' 
I the forms become more strange, and less reducible *" 

I those compartments to wbicb we assign known classes am -*iid 

existing types. Our more solid principles of classificati* -«^""i 
t us, and we are content to substitute instead, remc^T"- "te 
I analogies and distant resemblances. We say of one famr ^cn'h' 
I of plants that they somewhat resemble club-mosses, shr~^^ot 

up in bulk and height into forest trees; and of anolh:^^^'" 
f family, that they would bo not very unlike the horset^;^^''* 
I of our morasses, did horsetails rival in size larches of so- ■*"« 
I twenty or thirty years' growth. In referring to yet olfc-^W- 
I feinilies, we "can avail ouiBelves — so oittre are their CoCBii 




; — of no resemblance at all: we can simply figure and 
deacribe, and di'aw our iilnstrative compariaoiis, if we cm- 
l^oy such, rather from the departments of art than of 
nature. It is possible that, wera some of our liigher bot- 
«niGts — our Balfours, Browus, and Greviiles — perioitleii 
to range for a day over tbe broad plains of Jupiter, or 
wnid the bright sunshiny vales of Mercury or Venus, even 
Ithey naight bo but able to tell us, on their return, of gor- 
geoua floras, that defied all their old rules of classification, 
snd which could be illustrated from that of our own 
■planet only by distant resemblances and remote analogies. 
And assuredly such would be the case, could they, through 
the exercise of some clairvoyant faculty, be enabled to 
jonmey for millions and millions of years into the remote 
past, and to spend a few enchanted hours amid the dense 
iflnd sombre thickets of a Carboniferona forest. Shall I 
Venture on communicating to this audience a snatch of 
; personal history, iliuatrative of the mode in which I myself 
arrived, many years ago, at my earliest formed concep- 
tioDS regarding the old flora of the Coal Measures? 

Th6 first perusal of " Gulliver's Travels " forms an era in 
iha life of a boy, if the work come in his way at the right 
time; and I was fortunate enough to secure my first read- 
; of it at the mature age of eight years. For weeks, 
Taonlhs, years after, my imagination was filled with the 
little men and little women, and with at least one scene 
laid in the country of the very tall men, — the scene in 
which Gulliver, after wandering amid grass that rose 
" twenty feet over his head, lost himself in a vast thicket 
« barley forty feet high. I became the owner, in fancy, 
rf ft colony of little men ; I had little men for inlialiiting 
^ iittle houses which I built, for tilling my aproh- 
' iwtdtli of a garilen, and for sailing my little ship ; and, 



coupling with the men of Lillipat the scene io Brobidgn! 
1 ofteu set myself to imagine, when playiug truant bH 
alone on the solitary slopes or amid the rocky dclla of 
Driemiorie, how the little creatures, wlio were pure always 
to accompany me on these occasions, would be impressed 
by the siirronnding vigncttc-like scenes and mere pictnr- 
esque productions, exaggerated on Iiill and in hulluw, by 
their own minuteness, into gi-eat size. I have imagined 
them threading their way through dark and lofty forests 
of bi'acken fifty feet high, or admiring on the hill-side 
some enormous club-moss, that ^tretched out ita green 
hairy arms over the soil for whole roods, or arrested at the 
edge of some dangerous and dreary morass by hedges 
of gigantic horsetail, that bore atop their many-win (I oH'eil, 
club-like cones, twenty feet over the dank surface, and 
that shot forth at every joint their green verticillate leaves 
in rings huge aa coach-wheels. And whi!e I thus thongh^ 
or rather dreamed, for my LiUiputian companions, I be- 
came for the time a Lilliputian myself^ — saw the mtniiW 
in nature as if through a magnifying glass, — roamed in 
fancy under ferns that had shot up into trees, — and es"" 
the dark cones of the equisetacera stand up over their 
spiky branches some six yards or so above head. Bot 
these day-visions belonged to an early period : drSiWiS 
of at least a severer, if not more solid cast, dispossessoJ 
the little men and women of the place they had occupiP^i 
and I had learned to think of the wondrous tale of S»Ht 
as one of the most powerful but least genial of all ^1'* 
satires which the errors and perversions of poor humanity 
have ever provoked, when in the year 1824 I formed njy 
firet practical acquaintance with the flora of tlio Co«l 
Measures, I was engaged as a stone-cutter, a few mil** 
from Edinburgh, in making some additions, in the ol'l 



;Eng!isli style, to an ancient mansion-liouse; and the stone 
1 which I wrought, — a curiously variegated Bandetoni^, 
iderived from n quarry sinco shut up, — was, I soon fonod, 
nesueedingly rich in organic casts and impressions. They 
fwore exclusively vegetable. Often have I detected in the 
/rnde block placed before me, to be feshioned into some 
vmonlded transom or carved mullion, fragments of a sculp- 
ture which I might in vain attempt to rival, — the forked 
ms of Lepidodendra, fretted Into scales that, save for 
'their gi'eater delicacy and beauty, might have reminded 
the antiquary of the sculptured corslet of scale-armor 
OB the effigies of some ancient kniglit ; the straight- 
Cal.imite, fluted from joint to joint, liko the 
fehaft of some miniature column of the Grecian Doric; 
(the Sigillaria, also a fluted colnmn, hut of a more mere- 
i school than that of Greece, for it was richly 
carved between the flutings; the Stigmaria, fretted over, 
jtnth its eye-lit holes curioaaly connected by delicately- 
■raved lines; and occasionally the elaborately ornate 
jplodendron, with its rows of circular scai-a, that seemed 
have been subjected to the lathe of an ornamental 
Imrier, and its general surface fretted over with what 
semed to be nicely sculptured leaves, such .as we some- 
JHinca eee on a Corinthian torus. It was not easy, more 
a a quarter of a century ago, when Sir Roderick Mur- 
lon was still an officer of dragoons. Sir Charles Lyell 
j^Tosecuting the study of English law, and Dr. Buckland 
i with Lis theory of the Flood, which he had 
^ven to the world only the previous year, — it was not 
9^^i I say, for a working man to have such questions 
HOlved as these fossils of the Coal Measures served to 
But they were, at length, in some measure solved. 
A^^o^^^^oB^orma of the existing flo^i 



or our country tliat mort rcscmWed the fonns of its flnr.i 
<]uriog tbe Carboniferous period. And, strange to t*Il. 
t found I bad just to £dl back on my old juvi^nile imag- 
inings, and to form my first approrimate conceptions of ' 
the forests of the Coal Measures by learning to look at, 
our ferus, club-moases, and cqnisetaceie, with the eye of" 

some wandering traveller of Lilliput, lost amid thoir entan j| 

glements, like Gulliver among those of the fields of Brob— 
diguag. When sauntering, after the work of the day n 
over, along the edge of some wood -embosomed streamlet 
where the horsetail rose thick and rank in the danke: 
hollows, and the fern shot ont its fronds from the dri? 
tanks, I bad to sink in fancy, as of old, into a maniki_ 
of a few inches, and to see intertropical jungles in tlr 
tangled grasses and thickly interlaced equisetacese, an 
tall trees in the herbaceous plants and the ebraba. 

But many a wanting feature had to be supplied, ar: 
many an existing one altered. Amid forests of arborr 
ceous fema, tall as our second-class trees, there Bto<^ -ud 
tip gigantic club-mosses thicker than the body of a m&_!:-Jn, 
and from sixty to eighty feet in height ; more than a hi»:=-^ii- 
dred and fifty species of smaller ferns, and about one thl^K" ird 
that number of smaller species of club-mosses, clothed tzi^B^be 
opener country ; and along the frequent raarahcs and lafe^kos 
that covered vast tracts of its flat surface, or the slngg^ IS'^'' 
rivers that winded through it, there flourished hw=^-W'g* 
thickets of equisetacea;, of from twelve to fourteen differ^^ — ent 
species, tall, some of them, as the masts of pinnaces, a 
thick and impenetrable as the fairy hedge that surrounc 
the palace of the sleeping beauty. But amor 
forma of the vegetable world, that, at least through 
blue steaming vafwr of so dank a land, seem but tftS'J 
more familiar forms of our lochans and bill-sides m-^Wf*! 




times magnified, there aiise strange floral sbapes, among 

which we can recognize no existing type. Tlie Ulodun- 

dron, bearing along its carved trunk, on two of its sidps^ 

rectilinear strips of cones, iike rows of buttons on Ih^ 

dress of a boy, and tlie ornately tatooed Sigiliaria, lined 

longitudinally, and with its tbickly-planted vertical rowB 

of leaves bristhng from its stem and larger boughs, reaeitt- 

We no vegetable productions wbicli the earth now yields. 

The landscape, too, Las its intertroijical forms, — what 

Mem gigantic Cacti, with thickets of canes, and a few 

species of palms. And, where liere and there a flat hil- 

■^ok rises a few yards over the general level, we 

groups of noble Araucarians raising their green tops a 

itmdred and fifty feet over the plain. And yet, rich 

^G flora of the period may seem, in individuals, and 

, "longli it cambei-9 the soil with a luiuriance witnesse 

^04x- own times only among the minuter forms, it is, in all- 

;e and bulk, a poor and low flora, after all. The 

■ "*->ae8 and Araucarians form its only forest-trees. "We faU 

t on its plains a single dicotyledonous plant on 

'^■*ich a herbivorous mammal could browse. Its Lycopo- 

^tseiB are covered over with catkin-like cones ; there are 

■■^oxa^g on its TJIodendra, cones on its Equisetaceie, cones 

B*** its Araucarians, cones on its Pines; but not a si 

'*i.t have we yet found good for the use of man. Nor, 

I *fter the first impression of novelty has passed away, i8> 

1 wiere much even to gratify the sight. The marvel of 

\ **"»ately-carved trunks and well-balanced fronds soon palls 

1 **n the sense ; and the prevalence of those spiky recti' 

1 "ttear forms in the scene which Wordsworth could regard 

** such deformities in landscape, and which James Gra* 

^**ie BO deprecates in his " Georgics," " lies like a load 

"16 weary eye." Nature labors in the production of hugs 

20 
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immaturities; neither man, the monarch, nor bis higher 
subjects, the mammals, have yet appeared; and it is all 
too palj^able that that garden has not yet been planted, 
out of the ground of which there shall grow " every tree 
that is pleasant to the sight and good for food." 

Some of the gigantic forms of these primeval forests we 
can only vaguely and imperfectly illustrate by the dwarf 
productions of our present moors and morasses ; and some 
of them we fail to connect, by the links of general resem- 
blance, with aught in the vegetable kingdom that now 
lives. Regarded as a whole, the flora of the Carboniferous 
age seems as remote in its analogues fi'om that which now 
exists, as remote in the period during which it flourished. 
There are, however, at least two families of plants which 
bear, not a loose and general, but a minute and thorough 
resemblance, to families which also existed during the 
great Secondary and Tertiary periods, and which still con- 
tinue to occupy a large space among the recent vegetable 
forms. And these are the Fern and the Pine families. 
All the species have become extinct over and over again ; 
but the families, and many of the genera, are ever repro- 
duced ; and, so far as we know, this earth never possessed 
a terrestrial flora that had not its ferns and its pines. In 
all the other divisions and classes of the organic world 
there are also favorite families, such as the Tortoises among 
reptiles, the Cestracions among fishes, the Nautilus amon^ 
Cephalopodes, and the Terebratula among Brachipods_ 
There are few geologic formations in which either th 



remains or the footprints of Tortoises have not been d 
tected; there seems never to have been an ocean that h 
not its Cestracion ; the Nautilus lived in every age fro; 
the times of the Lower Silurian deposits down to the pres — 
ent day ; and, after disinterring specimens of fossil terebra— - 



*ula from our Grauwackes, our Womitain Limestones, our 
[Oolites, aud oui- Clialk Flints, we mity cast the drag in llio 
fleeper loclis of the Western Highlands, and bring np the 
; animals, fast anchored by their fleshy cables, to 
Btoncs and Bhells. We can scarce glance over a. group 
of ibaails of the two earlier divisiona, the Secondary and 
ihe Palteozoic, which we do not find divisible into two 
idassea of types, — the types which still remain, and the 
typea which have disappeared. But why tlie one set of 
'fcrms should have been so repeatedly called into being, 
•"while the other set was sufiered to become obsolete, we 
cannot so much as surmise. In visiting some old family 
library that has received no accession to its catalogne for 
perhaps more than a century, one ia interested in marking 
! vivacious classes of works — its Shakspeares, 
-Kobinson Cmsoes, and Pilgrim's Progresses — in tbeic 
-first, or at least, earlier editions, ranged side by side with 
■obsolete, long-forgotten volumes, their contemporaries, 
.■with whose unfamiliar titles wc cannot connect a single 
association. And exactly such is the class of facts with 
irhich the geologist is called on to deal. He finds an 
immense multiplication of editions in the case of some 
|«rticular ty]ie of flsh, plant, or shell ; and in the case of 
jotber types, no after instance of republication, or repub- 
iUcation in merely a few restricted instances, and dm^og 
a limited term. But while it is always easy to say why, 
io the race of editions, the one class of writings shoidd 
Jiave been arrested at the starting-post, and the other 
s should go down to be contemporary with every after 
^■reduction of authorship until the cultivation of letters 
ddkall have ceased, the geologist finds himself wholly una- 
•416 to lay bold of any critical canon through which to 
detmmine why, in the organic world, one class of types 
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ofteii r^MbDaiied, aod anoUier so pciempto 

This &r, bowerer, we may Tentttte t 
1 finding the two daises aitder socfa. s markedfl 
dirczBity of dispensation, that creation innst have been a 
remit, not of the operation of mere law, which would baval 
dealt after the same iashion with both, bnt a conseqaencefl 
c«f the eserdse of an electire will; and tliat as amid inwl 
mense Tari«tT of effort and fertility of inventioa there 
■re yet certain featnres of etjle, and a certain recnrrence 
of words and phrases, that enable ns to identify a^reat 
Mttbor, and to re<K^nize a nnity in his works that bespeaks 
the unity of the producing mind, so onght these connect- 
ing links and common featnres of widely-separated, and, 
in the main, dissimilar creations, to teach us the salutary I 
lesson that the Author of all is One, and that, in the exer-l 
cisG of his unrestricted sovereignty and of his infinite wia4 
dom, he chooses and rejects according to Lis own good'fl 
pleasure. M 

From tlie plants of the swamps and forests of the Coalfl 
Measures we pass on to its fauna, terrestrial and aquadca 
— a fauna wliich, although less picturesque than ita woo>^ 
drous flora, filled with all manner of strange shapes, seemlfl 
to have borne a corresponding character in uniting greau 
numeric development to a deTelopment comparatively lir»fl 
ited in classes and orders ; and with respect also to thaj 
extreme antiqucness of many of its types. The prevailingn 
forma of both ilora and fauna belong equally to a faahiooS 
that has porished and passed away. ^ 

It was held, up till a very recent period, that there ha^l 

e:risted no reptiles during the Carboniferous ages. Alasfl 

hiii been longer and moi-e pcrsevoringly engaged anion^l 

the Coal Measures than iu any of the other formationsn 

L ftad, long ero geology existed as a science, what used tofl 



te termeil its figured stones, — plants, shells and fishes, — 
were, in consequence, well known to collectors, — a class 
of people sent Into the world to labor instinctively as pio- 
neers in the physical sciences, without knowing why. I 
have seen prints of some of these figured stones of two 
centuries' standing, and have micceeded in recognizing as 
old acquaintance the Sjiirifers and Ferns which had sat for 
tlieir pictures to artists' who knew nothing of cither. Dur- 
ing the last sixty years there have been many collections 
made of the Carboniferous fossils, and many coal-fields 
intelligently examined, but not a trace of the reptile de- 
tected. It was not until Sir Charles Lyell's second visit 
to the United States, five years ago, or rather not nntil 
"ihe publication of his second series of travels, three years 
"ter, that it waa known to European geologists that the 
■fields of Pennsylvania, in the United States, Iiad, like 
ihe Trias^ of the south of Scotland and of the stster king- 
eir Cheirothcriura, of^ however, not only, as niiglit 
* anticipated, a different species, but of even a different 
I^nusj from that of the newer fonnation, though not Jess 
«ci(3edly reptilian in its character. And about the same 
e, the remains of a I'eptile since known as the Arche- 
Sosajirus were fonnd in a coal-field in Rhenish Bavaria. 



'6 Archegoaaurua seems to have been a strange-looking 
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^^atiire, — half saurian, half batrachian, of comparatively 
"•^sll B^e, with two staring eyes aet close together in the 
'^'^ddle of a flat triangular sknll, and furnished with limbs 
""^inating in distinct toes, but so slim and weak, "that 
' ^y cotdd have served," says Von Meyer, " only for awim- 
"log oj- creeping.'" It is stated in the "Lake Superior" 



of Agaaaz, that in a shallow esqinnse of llie river into 
which the lake falls, skirted by flat forest-covered banks, 
and in which a long series of dreary mudflats aie covered 
by from a few inches to a few feet of water, there occurs a 
large gill-furnished salamander (Menobranchus), which the 
Indians call the "walking fi?h," and which even to them is 
a great curiosity. It swims wherever there is sufficient 
depth of water, and creeps over the' mud-flats where there 
is not ; and, compared with the swift and poweifbl Lepi- 
dosteus, a reptile-fish of the same stream, it is a stupid, 
slaggisb, inert creature, safe only in its uselessness and the 
repnlsiveness of its appearance. And, judging from the 
feebleness of its limbu, and the shortness of its ribs, which 
resemble, says Professor Owen, those of the half-longed, 
half-gilled Proteus, such seems to have been the character 
of the Archegosaurns, Its contemporary, the American 
Chelratherium, as shown by its well-defined footprints,! 
mnst have been a stronger limbed and larger reptile, — a ■ 
batrachiau heightened by a dash of the crocodile; and, 4 
thongh probably often a dweller in the water, the onlyfl 
vestiges of it which remain show that it must have occa- I 
Bionally stepped out of its river or lake, to take an airing 
on the banks. Snch is nearly the sura total of our knowl- 
edge regarding the reptiles of the Carboniferous period.*^ 
Like mammals in the preceding Secondary ages, they 
formed so inconspicuous a feature of the fauna of the 
time, that nntil very recently it escaped notice, and so i 
waa not recognized as a feature at aU. So far as we yert 

1 Lord Enniskrilen possessca a fossil reptile nllled to tlio Clierlolheriiug 
ftam Ibe YorkEhiro i^onl-fiGlds, the PiiriLbatriLchus Colei lOncn}. A Labf-V 
tiathadont rcpiiia, Bophalei planiceps (Owen), has been fonnd in tlie Kor«-^ 
Scotia coal-fl elds. Also footmarks of snurolii reptiles hivp iHM-n <liscoyei«d f 
in Scotland by Mr. Hugh Miller, and in the Forest of Doui by Mr, O. J 
Bromby. — W. S. 8. 
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know, the great Secondary division, in which reptiles, both 

in me and number, received tiieir fullest development, had 

bat few genera of mammals,^— a small pouched animal, 

and BDiall insectivoroaa ones i bo far as we yet know, the 

I great Palieozoic division, in which fishes, both in size and 

I rumher, received their fullest development, had but its 

E tiro genera of reptiles, both allied, apparently, to the hum- 

I ble hatrachian order. The reigning dynasty of the one 

I period, though the mammal was present, was not that of 

K the mammal, but of the reptile ; the reigning dynasty of 

I the other period, though the reptile was present, was not 

■ that of the reptile, but of the fish. 

I ThB fishes of the Coal Measures, in especial the reptile 
wfiehSB, vere in truth very high types of their c!as9. I have 

■ already incidentally said, that with the humble Jlenobran- 
■thnB or salamander of the gi-eat North American lakes 
Band their tributaries, there is a true i-eptilo fish associated ; 
I — SD order of creatures of which, so far as is yet known, 
■diere exists in the present creation only a single genua. 
mlt Tould almost seem aa if the Lcpidosteus had been 
Beared, amid the wreck of genera and species, to serve us 
KO a key by which to unlock the marvels of the ichthyol- 
■Hgy of those remote periods of geologic history appropri- 
ated to the dyn.asty of the fish. Tliis wonderful creature 
Hg covered by scales, not of a homy substance, like those 
■^ the fish common at our tables, but of solid bone, enam- 
bled, like the human teeth, on their outer surfaces. Its 
mwn teeth are planted in double rows of mieqaal size, the 
Hrger being of a reptilian, the smaller of an ichthyic chai^ 
■eter; and the front teeth of the lower jaw are received, 
Kin the alligators, into sheath-like cavities in the upper 
mw, — another reptilian trait. Its vertebral column, wholly 
ft^e that of other fishes, each of whose vertebiie con- 



siata of a double cnp, is formed of vertebrro one end c 
which consists of a cup and another of a ball, — a charad 
teristic of the Enake; it possesses true gills, like all otherfl 
fishes; but then it also possesses a peculiar form of cellular 
air-bladder, opening into the throat by a glottis, whidi 
according to Agassiz, our highest authority, performs i 
piratory functions. The Lepidosteus, says Sir Charlq 
Lyell, in describing, in his second series of travels in t 
United States, an individual which he had seen, in sailingi 
across Lalie Solitary, leap like a trout or salmon over tbaj 
surface, in pursuit of its proy, — "the Lepidosteas, whoe 
hard shining scales are so strong and diflicnlt to pierc9V 
that it can scarcely be shot, can live longer out of tha , 
water than any other fish of the United States, having a 
large cellular swimming-bladder, which is said almost to 
serve the purpose of a real lung." Further, we find Agaa^ 
fflz stating, in his "Lake Superior," that the Lepidosteus ) 
one of the swiftest of fishes, darting like an arrow through 
the waters, and overcoming with facility even the rapid 
of the Niagara, He adds further, that when at the latt* 
place, there was a living specimen caught for him, — th^ 
first living specimen be had ever seen ; and that "toll 
great delight, as well as to hia utter astonishment, he s 
this fish moving its head upon its neck freely, right a 
left, and upwards, as a saurian, and as no other fish ii 
ation does." The true native Yankee has a mode wbol^ 
his own, and soraowhat redolent of the revolver a 
bowie-knife, of describing the peculiar iramunitii 
high standing of the Lepidosteus, or, as he famiharly lemw 
it, the gar-pike. "The gar-pike is," he says, "a happy 
fellow, and beats all fish-creation : he can hurt everytfuog', 
and nothing can bait him," And such is the livbg type 



of what wns the preTailmg and dominant family of ibe 
Ituna of the Cool Sleasurus, 

The great size aud marvelloas abundance of those rep- 
tili) fishes of the CarboniferouB period may well excite 
wonder. One konstone band in the neighborhood of 
Gilmerton has furnished by scores, during the last few 
yeai's, jnws of the Jihizodus Hibherti and its congeners, of 
. mould BO gigantic, that the reptile teeth which tbey 
contain are many times more bulky than llic teeth of the 
lai^est crocodiles. Teeth and scales of the same genua 
are also abundant among the limestones of Burdiehouse; 
—some of the teeth much worn, aa if tbey had belonged 
to very old individuals and some of the scales, which 
"were as hirgely imbricated as those of the haddock or 
ion, full five inches in diameter. The broken remains 
I Burdiehouse specimen now in the museum of the 
^Royal Society of Edinburgh are supposed by Agassiz to 
e formed part of one of the largest of trae fishes, ■ — a 
1 which might be appropriately described in the sub- 
Jims Lioguage applied in Job to Leviathan. If the gar- 
Juke, a fish from three to foar feet in length, can make 
f so fonnidable, fi'om its great strength and activity, 
^d the excellence of its armor, that even the cattle and 
lorses that come to drink at the water's side ai-e scarce 
safe from its attacks, what must have been the character 
of a fish of the same reptilian order, from thirty to forty 
feet in length, furnished with teeth thrice larger than 
those of the hugest alligator, and ten times larger than 
lliose of the bulkiest Lepidosteus, and that was covered 
Win snout to tail with an impenetrable mail of enamelled 
tone? "Canst thou play with Leviathan aa with a bird? 
lanst thou fill his skin with barbed irons, or his head with 
le&-«pears? Who can open the doora of hia face? Hifl 
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leoth are terrible round about; Lis scalea are bis prii 
sbut lip togetlicr as a flose seal. In his nock remaint 
stl'ength ; his heart is as firm as a stont;, yea, as hard a 
piece of the nether millstone. The sword of htm ti 
layeth at him cannot hold; the spear, the dart, nor i 
habei-geon. He esteemcth iron as straw, and brass ta 
rotten wood." 

In the same waters as the formidable and gigantic 
Holoptychean genus there hved a sraaUer but still very 
formidable reptile fish, now known as the Megalichthy*^ 
— a fish whose body w.aa covered with enamelled quad- 
rangular scales, and its head with enamelled plates, boll|^j 
of BO exquisite a polish, that they may still be occasiooallj' 
Been in the shalo of a coalpit, catching the rays of the 
sun, and reflecting them across the landscape, as is often 
done by bits of highly-glazed earthemware or glass. It 
was accompanied by another and still smaller, but very 
handsome, and scares less highly enami:lled, genus of the 
sauraid class, — the Diploptenis. And if, after the laps* 
of so many ages, their annor still retains a polish so high, 
we may be well assured that brightly mast it have glit- 
tered to the sun when the creatures leaped of old into the 
air, like the Lepidosteua of Lake Solitary, after some 
vagi'ant ephemera or wandering dragon-fly; and brigbtlj' 
must the reflected light have flashed into the dark recesses 
of the old ovei-hanging forest that rose thick and tangled 
over the lake or river side. The other ichthyic conteuipi>- 
raries of these fishes were very various in siie and aspect 
About half their number belonged to the same ganoiiW 
or bone-covered order as the Holoptychins and Meg* 
lichthys, and the other half to that placoidal order repre- 
sented in our existing seas by the sharks and rays. The 
lakes, rivers, and estuaries abounded, perhaps exclusively 



I ganoicis, such, as the PaI<fOMi*ntt^ % Email, 
IFcll-proportJoned geaos, Mmtaining seTeral ^>ecae^' 
C»r>piOtus, a rather longer and deeper genos, 
omewhat in the proportiona of tbe modern breun,- 

a A.canthodeSy an elongated, Ep'med, small-Ecaled 
brmed io the proportions of the ling or conger eeL On 
!ie other hand, the seas of the period, abandant also in 
anoids, were tenanted hy nnmerous and obsolete families 
f sharks, amply fnnilshcd both Titfa razor-like teeth is 
lieir jaws for cntting, and millstone-iike teeth on 'dieir 
Ifttes for crushing, — fiimished, some of th«m, with 
barbed stings, liko the sting-rays, — and whose dorsal fins 
^ere armed with elaborately carved spines. The only 
representative of any of these genera of marine placoida 
which still exists, is the Cestracion, or Port-Jackson shark, 
|ft placoid of the southcm hemisphere. 

Wb know that over the rivers and lakes inhabited by 
the ganoidal fishes of this period there fluttered several 
jcies of insects mounted on gauze wings, like the Ephe- 
pLuidse of the present day. At least one of their number 
i have been of considerable size ; a single wing pre- 
Krved in ironstone, though not quite complete, is longer 
illkaD the anterior wing of one of our largest dragon-flies, 
1 about twice as broad; and, as its longitudinal nervures 
I crossed at neai-ly right angles by transverse ones, it 
^st have resembled, when attached to the living animal, 
k piece of delicate net-work. In the woods, and among 
Ae decaying trunks, there harbored at the same time 
l^eral species of snouted beetles, somewhat akin to the 
idiomond beetles of the tropics ; and with these, large, 
many-eyed scorpions. Tlie maralies abounded in minute 
erustacenDS, of, however, a low order, that bore their gills 
1 their feet, and breathed the more freelT tlw 



more merrily they danced; and the seas contained 
last of llie trilobitcs. I have already referred uicident 
to the shells. The fresh waters contained varions tot 
of Ubio, somewhat similar to the pearl mussels of 
rivers; the jirofounder depths of the sea had their br;: 
pods, — Spirifera and Producta; while molluscs of a higiu 
order — Orthoceratites, some of thom of a gigantic 
IfautUu3,and Goniatite, — swam, above. Corals of stranj 
shapes were abundant ; there were several spedea 
Tubilipora, which more resembled the organ-pipe 
tlian aught else that still exists; with great numbers 
a hom-Bhaped conil, TarbinoUa, \rith its point tu> 
downwards, like that of a Cornucopia, and with a 
somewhat akin to the sea-anemone, expanded, flower-1 
from its upper end. With these, too, there were groii{ 
delicately branched corals, mottled with circular cells; 
minutely elegant Fen estrella, that seemed reduced edition* 
of the sea-fan. An antiquely-formed sea-urchin, wlioM 
spines wei'e themselves roughened with minute spines, as 
the more delicate branches of a sweet brier are roughened 
with thorns, ci'cpt slowly among these zoophytes by its 
many cable-like tentacula ; while forests of Crinoiilei 
waved in the tide, and sent abroad their many arms from 
the ledges overhead. These forests of Crinoidea w 
stone-lilies formed one of the leading cliaracteristicfi of 
the sea-bottoraa of the period. We may conceive of them 
as thickets of flexible -jo in ted eteffls rooted to the rocb. 
and with a variously-formed star-fish fixed on the top of 
each stem. Some of the stems were branched, some 
simple; in some the petals or rays were richly palm.iteJl 
in others, plain and star-like; in some, what might be 
deemed the calyx of the flower, but which was in i-ealitf 
the stomach of the animal, was round and polished ; m 



Dtliers, ornately carved into regular geometricaJ figures. 
at, however various io ifcir appearances, tbcy were all 
identary star-fiahes, that, poised on their tall, caoe-like 
Btema, sent abroad their arms into the watci-8 of the oUI 
Carboniferous ocean, in quest of food. The minute joints 
of the Bteni, perforated in the middle by a cii'culai- passage, 
and fretted by thick-eet rays radiating from the centre, 
seem to have attracted notice in an early age, and are 
linown in legendary lore as the beads of St. Cuthbert. 
Dr. Mantell states that ho has found quantities of these 
perforated ossicula, which had been wora as ornaments, 
in tumuli of the ancient Britons. And you will remem- 
ber that in "Marmion," the nuns of St. Hilda, who lived 
Liassic country, rich in Ammonites, had their stories 
Kgarding the snakes which their sainted patroness had 
<ianged into stoue ; and that they were curious to know, 
1 tarn, from the nuns of Lendisfeme, who lived in a Car- 
•niferous district, rich in encrinites, the true story of the 
:^a of St. Cuthbert. 

" But fain St. Bildft's nuns would leara, 

IT on a rock by Lendlsferae, 

&t, Cutbbert Bits, and loJle to fmme 
Tbo ECBi-bom beoda tliBt bear his name. 
Sndi tales had WhiUjy'a fishers told, 
And said tbcy might bis ehapo behold. 

And hear his anvil sonnt!. 

A deadened dang, a huge dim form, 

Seen but and beard, when gathering start 

And night were etosing round." 

**^ainly, if he fabricated all the beads, he must have 

f^^a one of the busiest saints in the Calendar. So amaz- 

^''Sly abundant were the lily encrinites of the Carbon-_ 

*oUB period, that there are rocks in the neighborhood 
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of Eilinbar^ of coneiderahle thickness and great latCfl 
cxtcnti composed almost excln^ely of their remains. 

The depth of the Carboniferous system has bceo m 
descrlhed as enormous. Including the Mountain I.ii 
Btone, which is a marine deposit of the same period, i 
which must be regarded as forming a member of the C 
Meaanres, there are districts of England in which, as esla 
mated by Mantel), it has attained the vast thickness C 
ten thonsand feet. In our own immediate neighborhoo 
it doea not, as estimated by a high authority, Mr. Charla 
Maclaren, quite equal half that depth. Our Carboniferol 
Bystem, including the Roslyn and Calciferous sandstonfl 
he describes, in his "Geology of Fife and the Lothiaus 
aa about four thousand five hundred feet in thickness, - 
thickness, however, which more than equals the height a 
Ben Nevis over the level of the sea. That coal-bae 
which extends along tlie flat, richly cultivated plain whi< 
stretches frona the south-eaatem flanks of Arthui 
to the Gailton Hills in Haddingtonshii-e, considerab 
exceeds three thousand feet in depth ; and, could it I 
cleared out to the bottom of the Calciferous sandatono 
and divested of the hundred and seventy beds of v 
it consists, as we have seen the deep hollow of the Con 
penaation Pond divested of its water, it would form 1 
far the profoundest valley in Scotland. Of the beds 1 
which it is occupied, it is estimated that about thirty a: 
coal, varj'ing fi'om several feet to bat a few inches in t 
ness; and we now know, that thongh some t 
Beams were formed of driAed plants and trees deposit* 
in the sandy bottom of some great lake or inland sea, h 
much the greater number are underlaoed by bands of I 
^tered vegetable soil, thickly traversed by roots ; . 
that, as in the case of many of our larger b 
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S|i}aiit8 which entered into their compoBition mnet havel 
grown and decayed on the spot. And of course, wbenl 
tbe plants wore growing, the stratum in which they occnr, T 
though siibsoquently buried beneath plummet sour 
at least tbousanda of feet, must have formed a portion I 
of the surface of the country either altogether subaerial, or, 
if existing as a swamp, overlaid by a few inches of water. 
We have evidence of nearly the same kind in the ripple- 
markings, which are so abundant throughout all the shales 
And Aandstones of the Coal Measures, from top to bottom, 
and which are never formed save where the water is shal- 
low. Stratum after stratum in the whole ten tlio 
feet included in the system, where it is mostly largely 
■developed, must have formed in succession the surface 
either of the dry land or of shallow lakes or seas ; one 
bed must have sunk ere the bed immediately over it could 
liave been deposited ; and thus, throughout an extended 
Hcries of ages, a process must have been taking place on 
the face of the globe somewhat analogous to that which 
takes place during a severe frost in those deeper lakes of 
the country that never freeze, and in which the surface 
Stratum, in consequence of becoming heavier as it becomes 
colder than the nether strata, is forever sinking, and thus 
making way for other strata, that cease to be the surface 
iu turn. This sinking process, though persistent in the 
main, must have been of an intermittent and irregular 
1 kuid. In some instances, forests seem to have grown on 
\ vast platforms, that I'etained their level unchanged for 
I centuries, nay, thousands of years together; in other cases 
Bihc submergence seems to have been sudden, and to snch 
■t depth, that the sea rushed in and occupied wide areas 
Brfaere the land had previously been, and this to so consid-^. 
Kd)le a depth, and for so extended a period, that the ^ 



ridgea of coral ivliicli fonned, and the forests of Encrinites 
which gi'ew, in these Buddenly hollowed seas, composed 
thick beds of marine limestone, which we now find inter- 
calated with coal-seams and lacoHtrino silts and ehales. 
There seem, too, to Lave been occasional upward move- 
ments on a small scale. The same area wliich had been 
occupied first by a forest, and then by a lake or sea, came 
to be occupied by a forest again ; and, though of course 
mere deposition might have silled up the lake or eea to 
the level of the water, it is not easy to conceive how, witb- 
out positive upheaval for at least a few feet, such snrf 
at the water-level shoukl have become sufficiently consol* 
idated for the production of gigantic Araucarians and 
Pines. But the sinking condition 'was the general one; 
platform afler platform disappeared, as century afler cen 
tury rolled away, impressing npon them their characte 
aa they passed ; and so the Coal Measures, where deepest 
and most extensive, consist, from bottom to top, of these 
buried platforms, ranged like the sheets of a work in th« 
course of printing, that, after being stamped by the press- 
man, are then placed horizontally over one another in s 
pile. Another remarkaWe cb'cumstance, wbtoh sccnis a 
direct result of the same physical conditions of our pUmel 
as those ever-recurring subsidences, is the vast horizontal 
extent and persistency of these platfonns. The Appalla 
cblan Coal formation in the United States has been ti 
by Professor Henry Rogera over an area considerab^ 
more extensive than that of all Great Britain ; and ; 
there are some of its beds that seem continuous througll 
out. The gi-eat Pittshui;g coal-seam of this field — 
Beam wonderfully unifoi-m in its thickness, of from cigl 
to twelve fcot^niust have once covered a surihce a 
niaety thousand squai-e miles. And Uiis charactoristte d 



persistency, united to a great extent, in the variona plat- 
forms of the Coal Measures, and of ever-recurring eub- 
! and depression, which accumulated one surface 
platform over another for hundreds and thousands of feet, 
lelongs, I am compelled to hold, to a condition of things 
lo longer witnessed on the face of the globe. The earth 
a BtiU its morasses, its deltas, its dismai swamps ; it has 
itill, too, its sudden subsidences of surface, by which tracts 
f forest have been laid under water; but morasses and 
ieltaa cover only very limited tracts, and sudden snb- 
idences are at once very exceptional and merely local 
Subsidence during the Carboniferous ages;, 
Jiongh interrupted by occasional periods of rest, and occa- 
raal paroxysms of upheaval, seems, on the contrary, to 
,ve been one of the fixed and calculable processes of 
latnre; and, from apparently the same cause, persistent 
wan]p8,and aocumulatious of vegetable matter, that eqnal- 
£<! continents in their extent, formed one of the common 
ind ordinary features of the time. 
My subject is one on which great diversity of opinion 
y and does prevail. But, while entertaining a thorough 
■espect for the judgment aud the high scientific acquire- 
nents of geologists who hold that the earth existed at 
ihia early period in the same physical conditions as it does 
I must persist in believing that these conditions 
.■were in one important respect essentially different ; I must 
persist in believing that our planet was greatly more plastic 
nd yielding than in these later times; and that the mol- 
«li abyss from which all the Plutonic rocks were derived, 
—that abyss to whose existence the earthquakes of tho 
ustoric period and the recent volcanoes so significantly 
testify, — was enveloped by a crust comparatively thin. 
Alee the thin ice of the earlier winter frosts, that yields 
21« 



under the too adventurous skater, it couM not snppoi 
great weiglits, — table-lands snch as now esiat, or moui 
tain chains ; and heuce, apparently, the existence of vi 
Bwampy plains neaHy level with tiio sea, and ever-reei 
ring periods of subsidence, wherever a course of depo 
tion had overloaded the surface. The yet further 
that as we ascend into the middle and earlier Palieozoie 
periods, the traces of land become leas and less irequent 
until at length scarce a vestige of a terrestrial plant at 
animal occurs in entire formations, seems charged with 
corroborative evidence. I shall not say that in thi 
primeval periods 

"A shoreleaa ocean tumlileil round tlie globe," 

for the terrestrial plants of the Silurians show that 
existed in even the earliest ages in which, so far as tl 
geologist knows, vitality was associated with matter; b' 
it would seem that only a few insulated parts of tl 
earth's surface had got their heads above water at t] 
time. The thin and parliatly consolidated cmst could d 
bear the load of great continents; nor were the "mooi 
tiuns yet settled, nor the hills brought forth." It wonM 
seem that not until tlie Carboniferous ages did there 
a period in which the slowly-ripening planet could 
any very considerable breadth of land; and even then il 
seems to have been a land consisting of immense flsti 
unvaried, mayhap, by a single hill, in which dreary swampG 
inhabited by doleful creatures, spread out on every taw 
for hundreds and thousands of miles, and a gigandc U< 
monstrous vegetation formed, as I have shown, the onl; 
prominent feature of the scenery. Burnett held that llfc' 
earth, previous to the Flood, was one vast plain, withw 
hill or valley, and that Paradise itself like the Hoi'i* 



r garten of a wealthy Dnteh bargo master, was curioiiBly 
I laid ont upon a flat. We wonld all gi-eatly prefer 
jpanidiee of Milioa : 

" A Imppy mral scat of vnriona views, 
Where Inwna nnd Icvol downa, wliilencd with flocks 
GrH;im(j the tender herb, were interposed 
Willi polmy biliocks and limgeouB vales 
Lnsnrianl; nntt where mnrmnring wnters foil 
Down liie steep hills dispersed, ur in liluc inltcs 
Emliraccil tlie tVinged banlis, with mj'rtio crowned." 

B during the times of the Coal Measures that Burnett 
roald have found his idea of a perfect earth most nearly 
ealized, in at least general outline ; but even be wonid 
carce have deemed it a paradise. Its lands were lands in 
rhich, according to the Prophet, there " could no man 
a'Ve dwelt, nor son of man passed through." From some 
Vt^ll tree-lop the eye would have wandered, without rest- 
log-placc, over a wilderness of rank, unwholesome morass, 
dank with a sombre vegetation, that stretchcl on and 
a'Way from the foreground to the distant horizon, and for 
bundreds and hundreds of leagues beyond ; the woods 
themselves, tangled, and dank, and brown, would, accord- 
"*S to the poet, have "breathed a creeping horror o'er the 
fraiBe;" the surface, even where most consolidated, would 
have exhibited its frequent ague-fits and earth-waves; and, 
after eome mightier earthquake had billowed the landscape, 
_ dialling together the crests of tall trees and gigantic 
^"••"iibs, there would be a roar, as of many waters, heard 
*''**iti the distant outskirts of the scene, and one long wall 
**' Ore.akers seen stretchuig along the line where earth and 
'^y tUGct^ — stretching iuwarda, and travelling onwards 
"•t-li yet louder and louder roar, — Calamite and TJloden- 
'"^>»i, Sigillaria and Tree-fern, disappearing amid the foam, 
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— until at length all would be submerged, and only bere 
and there a few Araucarian tops seen over a sea without 
visible shore. Such was the character, and such were the 
revolutions, of the land of the Carboniferous era, — a land 
that seems to have been called into being less for the sake 
of its own existence than for that of the existences of the 
future. 




Organitm* 
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Sgnltyof tbeOldRed Snwletotic — 
li IbB (ieoloi^lBt tiu to d«I — 
iocluid and England -Fesuliarity of iu & 
jrering tho Ontline of h Fngmenl of Ibc 
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.|The Csillinem Flagglones, how formed — T 
pna— TheFItrichlhjeof IheUpperor Kemi 
tlheljOKBr Formaiion— Tlie Middle Fonr 
'^ie Remains— Deftmction of Animal LlTs in (be Formitlen Bndden uid 
bleot — Tiie Asterolepta and CoccoBtens — The Silurlnn <he Oldest of (be 
iologic SfBtems — TliHt la wtiicli Anlma] and Vegeiablu L1& bad Ibeir eariteit 
IfinningB — The TheoloRiBDB and Geologists on Ibe Antlqu«f of the Ulobo— 
iaeti(oftbeSiliirlui Sj'glem in Seolland— The C'Ibb^c Sciniry of (heConn- 
y Bitoa(ed on H — Comparativelj Foor Id ADimal and Ve^Iable Organb^nu — 
^Unfoseiliferoui Fcimary Rocka of Scotland— 11> Highland Scenery fonned 
tlLem — Dcscrlpllan of Gli^ncoe — Olber Highland Scenery glanced a[ — 
fobable Depth of the Primary Stratified Rocks of SootlBod — How deposited 
'Bpeeu1»tions of Philosophers regarding the Trootasea to wbioh the Earth 
fraaitspreeent Form— The Aothor's Views on the sutject. 

( INCIDENT ALLT mentioned, when describing the Oolitic 
Wuctions of our country, that the sliruba and trees of 
Ijl Secondary period grew, on wliat is now the east coast 
^nthcrland, in a soil which rested over rocks of Old 
1 Sandstone, and was composed mainly, like that of the 

rty of Caithness in the present day, of the broken de- 
of this ancient system. We detect fragments of the 
y Red flagstones still fast jammed among the petrified 
8 of old Oolitic trees ; we find their water-rolled peb- 
I existing as a breccia, mixed up with the bones of huge 
itio reptiles and tho shells of extinct Oolitic molluscs; 




LES OS GEOLOQT. 

we even find some of its rounded masses incnisted oyt 
with the coraU of tbe Oolite : the masses had existed il 
that remoto age of the world »s the same gray indnratei^ 
blocks of stone that w^ find them now ; and busy Hadi^ 
reporitea, — Isastriea and Thamnastrrea, — whose epedei 
have long since perished, built up their stony cells o 
solid foundations which the masses famished. Nay, widiia 
the close compressed folds of these fiagstones lay t 
many various fossils, — glittering scale, and sharp spin 
and cerebral buctler, — in exactly the same state of ket 
ing as now ; and had there been a geologist to take h 
mer in hand in that Oolitic period, when the spikes 
J'initea Eiggensis wero green upon the hving tree, i 
JSquisetum columnare waved its tall head to the breeee, 
be would have found in these stones the organisms of a 
time that would have seemed as remote then as it does in 
the present late age of the world. We may well apply to 
this incalculably ancient Old Red system what Words- 
worth says of his old Cumberiand beggar — 



This glimpse, through the medium of the high antiquity 
of the Oohte, of an antiquity vastly higher still, — that irf 
the Old Red Sandstone, — may well impress us with iha 
enormous extent of those tracts in time with which lh6 
geological historian is called on to deal. There are some 
of the lesser planets that seem to the naked eye quite M 
distant as many of those filed stars whose parallax the 
astronomer has failed to ascertain ; but when they conrt 
into a state of juxtaposition, and the moveless star is seen 
dimly through the atmosphere of the moving planet, ve 
are taught how enormous must be those traota of spa«« 



*hich intencne between ibem, and keep them apart. 
And it is thus with the periods of the geologist. Even 
the comparatively near are bo distant, that the remote 
seem scarce more so ; but the dead and stony antiquity of 
one system, seen as if through the' living nature of another, 
enables ue, in at least some degree, to appreciate the vast- 
of those cycles by which they were separated. It is 
&rtber interesting, too, thus to find one antiquity curiously 
inliud, as it were, in another. We feel as if, amid the an- 
t&eat relics of a Pompeii or a Herculaneum, we had stnm- 
bled on the cabinet of some Roman antiquary, filled with 
bronze and granite memorials of the first Pharaohs, or of 
the old hunter king who founded Nineveh ; — things that 
is times which we now deem anciout had been treasured 
Ap as already grown venerably old. 

The Old Red Sandstone underlies the Coal Measnres, 
and ia, in Scotland at least, still more largely developed 
than these, both in dci)th and lateral extent. In Caithness 
tad Orkney, one of the three great formations of which it 
consists has attained to a thickness that equals the height 
of our highest hills over the sea.' The depth of the entire 
aystem in England has been estimated by Sir Roderick 

inrchison at ten thousand feet ; and as these ten thonsand 
^t inclade three formations so distinct in their groups of 
luiimal life that not a species of fish has been found com- 
mon to both higher and lower, it must represent in the 
,lu«tory of the globe an enormously protracted period of 

ms. 

The scenery of the Old Red Sandstone we find much 

to the south of the Grampians, like that of the 

Measures, by the presence of the trap rocks ; but in 

* The Caithiips9 flupEitDncs itnd their li^hthj-olltcs consiltiitQ, Bccarding; 
I Sir K. Mnrcliison, the central portion of Ibe Old Red eroQp. — 'W. 8. 8. 



the norlli, where there ia no trap, it bears a characf 
decidedly its own. It is remarknble for rectiliEear 
elongated for milee, that, when they occur in semi-Higbli 
districts, where the primary rocka Lave been heaved inl 
wave-like hills, or ascend into boldly-contoured mountaii 
constitute a fi-ature noticeable for the contrast which 
forms to all the other features of the scene. In approat 
ing the eastern coast of Caithness from the sontli, 
voyager first sees a mountain country, — the land piled 
stem and high, — the undulations bold and abmpt. He 
looking on the Highlands of Sutherlandshire. All at on( 
liowevei", the aspect of the landscape changes; — the 
ken and wavy line suddenly descends to a comparativi 
low level, and, wholly altering its character, etretchea a^ 
to the north, straight as a tightened cord, or as if descril 
by a ruler. Caithness, thus seen in profile, reminds one 
a long, thin proboscis, or mesmerized arm, stretched nti 
out from the Higlilands to the distant Orkneys. In sailii 
upwards along tbe Moray Frith, the Hne which defii 
seawards the plain of Easter Ross, from the Hill of IT^ 
to the low rocky promontory of Tarbat, topped by 
lighthouse, presents nearly the same rectilinear uharaol 
Another long straight line which meets the eye 
ing the bay of Cromarty, stretches westwards fi'om the h 
of granitic gneiss immediately over the town, and runs f 
many miles into the interior, along the bleak ridge of tl 
Black Isle. Tet another rectilinear line may be seen m 
ning on tlie south side of the Mor.-iy Frith, from heyoi 
the Moor of Culloden, which it includes, to the 
end of Loch Ness. And in all these instances the reel 
near ridges are composed of Old Red Sandstone. ' 
some localities on the seaboard of tbe country, the sysK 
ia much traversed by fi-itbs and bays, and what in Oait 



; and Orkney are termed gocn, — nan-ow inlets in tlie 
G of faults, along which the waves find straight passagB 
r into the interior. From the Hill of Nigg, the centre of 
I Old Bed Sandstone district, the eye at once commands 
i noble friths, all scooped out of the deposit, — the 
rith of Cromarty, the Dornoch Frith, and the npper 
Sches of the Moray Frith, It commands, too, what ia 
rce l^ss a feature of the Old Red system, — the rich 
n-bearing plains of Moray and of Easter Ross ; and from 
B union which the prospect exhibits of two elements dia- 
fdated elsewhere in the country, — the rich softness of a 
^wlaud scene, with numerous arms of the sea, character- 

elsewhere, as on the western coast, of a Highland one, 
•it forms a landscape unique among the landscapes of 
totland. But perhaps the most striking scenic pecnliari- 

8 of the Old Red Sandstone are to be found in its rock- 
pees. The Old Man of Hoy, witli its mural rampart of 
ecipices, not unfurnished with turret and tower, and wide 
>wning portals, and that rise a thousand feet over the 

i ; the tall stacks of Cannisbay, ornately Gothic in 
style of ornament, with the dizzy chasms of the 
ighboring headland, in which the tides of the Pentland 
[ith forever eddy and boil, and the surf forever roars ; 

1 the strangely fractured precipices of Hoibum Head, 
jira^ through dark crerice and giddy chasm, the gleam 
[ the 8un may be seen reflected far below on the green 
Iptiis of the sea, and, venerable and griiy, like some vast 

bhedral, a dissevered fragment of the coast descried rising 
^ond, — are all rock-scenes of the Old Red Sandstone, 
n 1 last stood on the heights of Holburn, there was a 
y surf toiling far below along the base of the over- 
Bigingwall of cliff which lines the coast; and deep under 
F^et I could hear a muffled roaring amid the long, cor- 
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ridor-Uke caves into whicli the headland is hollowed, a'^ 
which, opening to the light and air far inland, by narrC^^ 
vents and chasms, send up at such seasons, high over t- ^^ 
blighted sward, clouds of impalpable spray, that resemt::^^^^ 
the smoke of great chimneys. As I peered into one -^^* 
these profound gulfs, and dimly marked, hundreds of 
below, the upward dash of the foam, gray in the glooi 
as I looked, and experienced, with the gaze, that mingli 
emotion natural amid such scenes which Burke so wi 
analyzes as a consciousness of great expansiveness ai 
dimension, associated with a sense of danger, — my e; 
caught, on the verge of the precipice, the outline of pi 
of an old reptile fish traced on the rock. It was the 
nial buckler of one of the hugest ganoids of the Old 
Sandstone, — the Asterolepis. And there it lay, as it 
been deposited, far back in the bypast eternity, at the bc^^t- 
tom of a muddy sea. But the mud existed now as a den ^S® 
gray rock, hard as iron ; and what had been the bottom rt:^^ 
a Palaeozoic sea had become the edge of a dizzy precipice ^ 
elevated more than a hundred yards over the surf. Tt=^® 
world must have been a very difierent world, I said, whci^"° 
that creature lived, from what it is now. There could ha^^^ 
been no such precipices then. A few flat islands comprise- ^-^ 
in all probability, the whole dry land of the globe ; ar:^- *^ 
that emotion of which I have just been conscious, is it n-^^^ 
sopiething new in creation also? The deep gloom of the^^® 
perilous gulfs, these incessant roarings, these dizzy prcc^ *' 
pices, the sublime roll of these huge waves, — are they n^:^^*' 
associated in my mind with a certain dim idea of danger* *"*' 
— a feeling of incipient terror, which, in all Grod's creatio ■^'■*' 
man, and man only, is organized to experience? Is it n 
an emotion which neither the inferior animals on the oi 
hand, nor the higher spiritual existences on the other, 
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least feel, — an emotion depeadent on the union of 
rUviug soul with a fragile body of clay, eamly broken ? 
The Old Red Sandstone conBists, as I have said, of three 
«at formations, furnished each, in Scotland at least, with 
) peculiar group of fossils. In the upper division — that 
hich rests immediately under the Carbon iferous system 
-a few straggling plants of the Coal Meaanroa have been 
Dcaaionally found ; but, so far as I know, no plant peculiar 
itselfi In the middle (loioer) division we find traces of 
peculiar but very meagre flora. I detected about ten 
iTH ago, among the gray micaceous sandstones of Foi-- 
ahire, a fucoid furnished with a thick, squat stem, that 
inches into numerous divergent leaflets or fronds of a 
n, grass-like foim, and which, as a whole, somewhat 
embles the scourge of cords attached to a handle with 
Icb a boy whips his top. And Professor Fleming de- 
nibes a still more remarkable vegetable organism of the 
formation, which, to employ bis own wcH-selected 
lords, " OCCU1-3 in the form of circular flat patches, com- 
psed each of numerous smaller contiguous circular pieces, 
itogetlier not unlike what might be expected to result 
mi a compressed berry, such as the bramble or rasp."' 
the lowest (mid^e) division of the Old Red traces of 
id plants become yery rare. Many years ago, at Crora- 
ty, I detected, in one of its oldest fossilLfcrous beds, a 
Rgment of a cone-bearing tree, remarkable as being the 
[dest piece of wood ever found, that, when subjected to 
le microscope, exhibits the true ligneons structure ; and 
jjossess a small specimen from Skaill, in the mainland of 
-kney, also detected in one of the lower beds, which 

Parka decipiens. Sco " Testimony of Iho Rocka," latoac edition. For 
!lMOf a Lepidodendron oceitrrlng in lite ForlVireliirs sandstone, see like. 
■•"TMHiDonj of theEocks," page 445— 7. — L. M. 
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formed, apparently, a portion of some namelesa fern ; but 
tLe other vegetable remains of the lower (>iii(l(Se) diviidtw 
though sufficiently abundant in some localities to give 
fissile character to the rock in wliich they o 
one doubtful exception, all marine. They were the wee 
of & widely extended sea, in which land was at once ve 
(infrequent and of very limited extent. In the ncighbq 
hood of Thurso my attention has been attracted for s 
eral years past by a carious appearance among the fla 
Btonea of the district, — there enormously developed, i 
which I am disposed to regard as indications of the exi 
ence of vast mud flats of the Old Red Sandstone, tl 
occasionally showed their surfaces above water for perha 
weeks and months at a time, but which were, ill ev( 
instance, submei'ged ere they acquired coveringa of tern 
trial vegetation. The flagstones, now known very t 
Bively over Europe as the Caithness flag of commer 
must have been deposited at the bottom of a shallow b 
in the form of beds of arenaceous mud, largely chai^ 
with organic matter. They abound in minute rippi 
markings, which could have been formed only a few fi 
or at most a few fathoms, under the surface ; and betwei 
these rippled bands, for a series of beds togethei 
occDT bands which had been evidently subjected to a di] 
iug process, so that, as happens with the bottom of 
muddy pool laid dry during the Bununer droughts, the, 
cracked into irregularly polygonal divisions ; and as, whfl 
ag;iin submerged, a sudden deposition filled up the crack 
IPC can stUl trace these marks of desiccation as distinct 
in the stone as if they had been made by the sun of tl 
previous week. Hall, of Leicester, spoke, in one of hi 
illustrations, of "a continent of mud;" and it would SCei* 
that in the earlier ages of the Old Red Sandstone, o 



■aents of mcd were not mere figures of speech, but that, 
T dark-hued and shiillow seaa, mud-banks of vast extent 
toccasionally raised their flat dingy backs, and remained 
bardening in the hot sun until their oozy sut-faees had 
cracked and warped, and become hard as the snn-baked 
Vick of eastern countries; and that then, ere the seeds 
»f terrestrial plants, floated from some distant island, or 
■wafted in the air, had found time to strike root into the 
crevices of the soil, some of the frequent eai'th-tremora 
■of the age shook the flat expanse under the water out of 
which it had arisen, and the waves ripjiled over it as 
before. The features of a soene so tame and unattractive 
— features wiiieh none of the poets, save perhaps the 
truthful Crabb*) would have ventured to portray — will 
not strike you aa very worthy of preservation. There is 
certainly not much to excite or gratify the fimcy in a scene 
f wide yet shallow seas, here and there darkened by for- 
9ts of algffi, and here and there cumbered by archipelagos 
F flat, vcrdureless islands of mud that harden in the sun ; 
ibut, regarded aa embryo and rudimentary land, even these 
mad-banks may be found to possess their modicum of 
totereat. And we know that in the shallows of that 
kiaddy sea, the Creator wrought with all his wonted wi&. 
3om and inexhaustible fertility of resource, in the produc- 
fion of a dynasty of fishes of very extraordinary form, but 
bi^ type, and which manifested exquisite faculties of 
adaptation to the circumstances in which they were placed. 
■ In glancing at the fauna of the Old Red Sandstone, let 
i imagine three great platforms from which the sea has 
; retired, leaving them strewn over with its spoils, — 
tlliefly fishes. These platforms represent the tJiree great 
Keriods of the system ; and in each do we find the group 
illy, and in several instances generically, di 
22* 
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In the upper or newer platform — that immediatelj under 
the Coal Measures — there occur several species of Holop- 
tychius, all of them of smaller dimensions than the giant 
of the Carboniferous system, but, in proportion to their 
bulk and size, even more strongly armed. With the Ho- 
loptychius there was associated a fish of the same Cela- 
canth family, the Bathriolepis, and several curious fishes 
of what is known as the Dipterian family, such as the 
Stagonolepis* and Glyptolepis. It contains also at least 
three species of Pterichthys. One of these, the JPterich- 
thys major^ which occurs in the upper sandstones of 
Moray, is of greater size than any of the others its con- 
temporaries, or than any of the older species ; as if, in at 
least point of bulk, the creature received its fullest devel- 
opment just when on the eve of passing away.* Tkiis 
strange Pterichthyan genus first appears at the base of tine 
Old Red Sandstone, and disappears with its upper beds- 
it is peculiarly and characteristically the distinctive orgr»-n- 
ism of the system, for in no other system does it occi'^J*; 
and it has a yet further claim on our notice here, from t ^® 

• 

extreme singularity of its construction. "It is impo^*^^" 
ble," says Agassiz, in his great work on fossil fishes, *"^ ^^ 
is impossible to find anything more eccentric in the who^® 



1 The Stagonolepis is now under examination as to whether it is i9 ^^ 
ranked as fish or reptile. Sir R. Murchison mentions this in his E«*** 
address to the Leeds British Association, as still undetermined. — L. M» 

2 Associated with this largo Pterichthys are now found not only * ^* 
Telerpeton Elj^inense, a small tortoise, but footprints of larp^r rcptil*-^**' 
some only of greater size than the Telerpeton, others considered to **•?' 
proach more nearly in bulk and conformation to some of those of "^ ^^ 
succeeding eras. When I lately visited the Museum at Elgin, I was p»*^*' 
ified by seeing sandstone slabs bearing the traces of each of these; b»»« * 
was told that the best specimens had been sent to London for examination* 
It is probable that they will have been lawfully named and sumameA V 
the savants ere the next edition of this work is ready for the preM. — L- ^* 



ireation than this genus. The same astonishment wliioii 
ivier felt ou examining for the fii'st time tlie Plesio- 
ari, I myself experienced when Mr. Hugh Miller, the 
jriginal discoverer of these fossils, showed me the speci- 
Uens which ho had colleetcd from the Old Red Sandstone 
(f Cromarty." And we find Humboldt refening, in hia 
'Cosmos," to tliis strange Pterichthyan genus in nearly 
he same tenns. This, I suspect, is no place for strict ana- 
omical demonstration; and so, instead of elaborately 
ieBcribing the Pterichthys, I shall merely attempt sketch- 
es '^ general outlines by the aid of a few simple illua- 
rations. When, in laying open the rock in which it lies, 
(he under part is presented, as usually happens, we are 
rtruck with its resemblance to a human figure, with the 
! expanded, as in the act of swimming, and the legs 
Sransformed, as in the ordinary iigures of the mermaid, 
jnto a tapering tail. On further examination, we ascertain 
that the creature was cased in a complete armature of 
polid bone, but that the armor was of different construc- 
r the different parts. The head was covered by a 
Itrong helmet, perforated in front by two circular holes, 
hpongh which the eyes looked oirt. The chest and back 
iJi'ere protected by a curiously constructed cuirass, formed 
*** plates ; and the tail sheathed in a flexible mail of oBse- 
'is scales. The arms, which were also covered with 
'lates, were articulated rather to the lower part of the 
iSad than to the shoulders ; and this by what at first 
■PPears to be simply a ball-and-socket joint, like that of 
™e human thigh, but which, on further examination, proves 
W "be of a more complex character, as wo 6nd a pin-like 
protuberance from the socket finding, in turn, a socket in 
*e ball. The abdomen of the creature was flat ; the dor- 
1* portions strongly arched ; and not In our Gothic too% 
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constructed oo strictly mathematical principles, do waS 
discover more admirable contrivances for combining in thai 
greatest degree lightness with strength, than in the arcltB 
of osseons plates which protected the Pterichthys. Nayj 
we find in it the two leading peculiarities of the Gothtoa 
roof anticipated, — the contiivanee of a series of ribs than 
radiate from certain centres, and the contrivance of th^ 
groin. The helmet was united to the cuirass by a ourioi^| 
and yet very simple joining, that united the jninciple <«■ 
the dovetail of the carpenter to that of the keystone toM 
the architect. Farther, the creature, with its infiexlbln 
coirass and its flexible tail, and with its two arms, thafl 
combined the broad blade of the paddle with the shat^H 
point of the spear, might be regarded, when in motionfl 
as a little suhaqaeous boat, mounted on two oars and n 
scull. And such was the Pterichthys, — the charaeteristijH 
organism of the Old Red Sandstone. I may remark, iifl 
connection with this fish, — a remark, however, whiclfl 
bears equally on all its ganoidal contemporaries, — that^ 
the development of its dermal or skin-skeleton, compared 
with that of its internal one, was singularly great. In the 
present creation, with Uiit a few exceptions, such as tb9| 
Pangolin and Armadilla among quadrupeds, the crocodilei 
and tortoises among reptiles, and the Lepidosteua ana 
Polyopterus among fishes, the dermal skeleton is but verJH 
slenderly represented. In our own species, for instance 
it is represented by but the teeth, the hair, and the r 
and were there no other portions of us to survive in ibel 
fossil state, each of the male animals among ua would b© J 
i-epresented by but ten toe and ten finger nails, one set of 
teeth, a periwig, and a pair of whiskers. But so complete, 
on the other hand, was the development of the dorraril 
ricdeton among the fishes of the Old Red Sandstone, tbst, 
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though in many instances no other parts of tliem survive, 
we find their outlines complete in the rouk from liead to 
tiul. Dermal plates of enamellecl bone represent the head; 
dermal scales, also of enamelled bone, lie ranged aide 
by side, like tiles on a roof, in the lines in which they 
oi-iginally covered the body; and thickly-set enamelled 
j'ays of bone indicate the place and outline of the fins. 
As a set-o^ however, against this great development of 
dermal skeleton in the ganoids of the Old Red Sandstone, 
their internal skeletons were exceedingly slight, and in 
■whole lamilies entirely cartilaginous. 

The middle {loice}-) platfonn of the Old Red Sandstone 
has for its characteristic organism the Cephaiaspis, or 
Buckler-head, — a cm'iously formed, bone-covered fish, 
with a thin triangular body, and crescent-shnped head, 
somewhat resembling in outline a shoemaker's cutting- 
knife. It had for its contemporaries sevei-al fisjies armed 
■with doi'sal spines, of which only the spines remain, and 
of a gigantic Crustacean, akin, as shown by some of ita 
I plates, to onr existing lobsters, but which in some speci- 
s must have exceeded four feet in length. 
is, however, on the lower (middle) platform of the 
1 system that we find its oiganio remains at once most 
K abundant and most cliaracteristic. The dagstuncs of 
■ Caithness and Orkney, and the nodule-bearing beds of 
Robs, Cromarty, and Moray, contain more fossil fish than 
tftll the other formations of not oidy Scotland, but of Great 
sSritaln, from the Tertiaiy deposits down to the Mountain 
BXimestone. There are strata in which they lie as thickly 
Wbb herrings on our better fishing banks in autumn, when 
|tbe fislieiTuan's harvest is at its best; and, strange to say, 
aiot uofrequently do the fish of a whole platform give evi- 
iDce, both in their state of keeping and in their ooa- 
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tOTted attKnde, that they all died at once, and died by 
leol deatli. We see them still presenting over widi 
the stiff' cnrvcd outline — a rcsnlt of the uneqnal coni 
tioB of llie mnscles — which, as ii 
netted Uemog!^ marks that dissolntion had been 
We find, too, tliat their remains did not snffer fi-om thi 
predatory attacks of other fishes: it would 
all the finny inhabitants of wide tracts of sea bad l>ecn 
at onec cast dcnd to the bottom, so that not an individual 
survived, to pi-ey upon the remnina of his deceased neigh- 
bora. It was the first remark of Agassi^ when introduced^ 
to a collection of fossil-fish from Orkney, — "All these 
died by violent death," — a remark which he again 
yet again repeated when introduced to the Old Red ich- 
thyoliies of Ci-omarty and Morary. We have already 
seen that the oldest plant^covered land of which thi3 geol- 
ogist finds distinct and certain ti-ace in this country was t 
land subject to incessant fluctuations of level, and to sud- 
den and disastrous invasions of the sea; and that, thongb 
suited for the production of a rank and luxuriant flora, 
■whose numorouB denizens lived without conscionsness .imi 
died without sufFering, or for animals fitted to eujoy the 
present without thought or fear of the future, and to wbom 
life, so long as they lived, was pleasure, and death mercij 
a ceasing to be, we conclude that it could have been Wj 
fitting home for creatures of a higher order, whose Hi 
it is to look before and behind them, — before them 
hope or with fear, behind them with satisfaction or 
And these strange platforms of sudden death — of no 
occurreuce in the marine depths of the Old Red 
Blono — show that the sea in these early times was not 
subject to disastrous catastrophe than the hmd, — that 
Oi'der of nature which we now term its fixed ordeTi 



On whose peiiuaneucy onr minds have been framccl to cal- 
(Culate, was, if I may venture the expression, eDacted, but 
t enforced, and ao the breaches of it were scarce more 
exceptional than the observance, — that life, greatly more 
,«mphaticaUy than now, was the least certain of all things, 
: — and that both in sea and on the land the young and 
immature earth, like an inexperienced and careless nui'sp, 
was ever and anon overlaying and smothering its off- 
H>ring. 

Among the various ichthyic families and genera of 
the Lower and Middle Old Red Srtndstone, — Acanths, 
iDipterians, Crelacanths, and Cephalaspians, — I shall refer 
to only two, and that in hut a few brief words; the one 
jemarkable for its great size, the other for its extraordinary 
organisation. The Asterolepis seems to have been one of 
s earliest and bulkiest of the ganoids. Cranial 
tooklers of this creature have been found in the flagstones 
ttt Caithness large enough to cover the front skull of an 
lephant, and strong enough to have sent back a musket-. 
ballet as if from a stone wall. The Asterolojjis must have 
t least equalled in size the largest alligators ; and there 
frere several points in which it must have resembled that 
s of reptiles. Its head was covered with strong osse- 
pus plates, ornately fretted by star-like markings, and its 
^ody by closely im.bricated and delicately-carved osseous 
But it is chiefly in its jaws that we trace a rep- 
tUian relationship to the alligators. The alligators among 
isting reptiles, and the Lopidostei among existing rep- 
e-fishes, are remarkable for a peculiar organization of 
tooth and maxillary, through which certain long teeth in 
0ie anterior part of the nether jaw are received into cer- 
i scabbard-like hollows in the anterior part of the 
The h oUowB Kceive the teeth when the 



tnoath in shnt, as the scabbard recnves the swori. Ni 
In ibe Asterolepis this reptilian peculiarity vaa not 
■trictcd to a small groap of the ant«rior teeth, but j. 
viided the entire jaw. Beside each of the creature's i 
tile t«cth, in both jaws, there was a deep pit, whii 
received the reptile tooth opposite ; and thus, when tl 
animal closed its formidable mouth, the jaws would hai 
been locked together by their long teeth and deep red] 
icnt hollows, as the crenellated jaws of a fox-trap lock i) 
each other when we release the spring. The other i 
tliyolite of the Old Red Sandstone to which I shall re 
is the Coccosteus, — a ganoid that, so far as we yet kn» 
was restricted to this formation. Like the Pterichtli; 
with which it has been classed, it was provided with 
helmet and cuirass of bony plate ; but its caudal portii 
seems to have been naked, — a peculiarity of which i 
find no other example among the ganoids of this eai 
time. The Coccosteus was, however, chiefly remarkal 
for the form of its jaws.' More than ten yeai-a ago I ve 
tuved to state, in the fii-st edition of a little work on (1 
Old Red Sandstone, that the jawa of thia ancient fii 
seemed, like those of some of the crustaceans, and of son 
of the insects, to have possessed a hoidzontal actioi 
Aware, however, that I was on dangerous ground, I 
cised, in making the statement, some httle share of Scot 
caution : the thing was, I stated, too anomalous to 
regarded as proven by the evidence of the specimeua y 
found; and I mentioned it, I said, with but the viewi 
directing attention to it. It was a question, I thongl 
worthy of being entertaiaerl, and so I craved that it sho» 
be entertained, and specimens carefully examined. B 
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Bpeciraens wei'c nol esammed, at least no specimens tliat 
ithrew any light on the subject; and my very modiiied 
statement respecting it was written down a blunder on 
sry highest aulhoj'ity. I kept, however, a steady 
1 the rocks, as the real authorities in the case ; and, 
deeming myself bound as a geologist to observe carefully 
and record trutLfnlly whatever they revealed, but as not 
in the least responsible for the anomalies of the I'evela- 
tion, I persisted in quietly collecting their evidence in a 
Boite of fossils, which has now fully convinced our first 
comparative anatomists that there was an anomaly in the 
fltructuro of the jaws of this ancient £sh, unique among 
^e vertebrata; and that, in calling to it the attention of 
Uie scientific world, I was in the right, not in the wrong. 
The under jaws contained two distinct sets of teeth; the 
3 Bet or group in the line of the Bymphysis, the other 
Bet or group on the upper edge of the jaw, and placed on 
each different planes, that they could not possibly have 
been brought into action by the same movement of the 
condyles. And there are on the table specimens which 
tbow, that while the group in the customary place, the 
upper edge of tlie under jaw, were made to act against 
t group placed in the nether edge of the upper one by the 
nial vertical action, the groups so strangely placed in 
|be symphysis, if brought into action at all, must have 
led against each other through a. lateral motion alto- 
gether unique. The jaws of the Coccosteus are interest- 
ng in another point of view, as being pei-haps the oldest 
K>rtiong of any internal skeleton that have presented their 
kructure to the microscope. And it is surely not unin- 
teresting to see the osseous substance, destined to perform 
o important a part in the animal economy, presenting in so 
Qiiy an age its distinguiabing charact^stic^^^en 
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those arterifl] haversion eanala through whiob the ancle 
blood mnat have flown for its nourishment, and tho 
nnmerons corpuscles of life-points from which its org 
zation began, and which continued to remain open a 
sheltering cells in which its vitality resided. Was it ii 
possible, in the nature of things, we ask, that life could 1 
equally difiiised over hard and ngid earth built up i 
this new auimal Bubstaiicc, bone? and was it therefo 
merely sown over it in hollow microscopic points? 
bone rather a thing strongly garrisoned by Titalily, ■ 
itself vital? Direct questions cannot always, in the prese 
imperfect state of our knowledge, receive answers equal 
direct; and these are questions to which our iirat physu 
ogista might hesitate to reply. But we may at least s. 
infer, from the thorough identity of the osseous mat 
throughout all ages, that it was a material compounded 
all times by the same Architect, according to a preft 
termincd recipe ; that it is He who built up the corpuscl 
and arranged the canals in that ancient jaw which i 
excites our curiosity, that now maketh in. the hoitu 
Bubject "the bones to grow;" and that, in his i 
pufposes, the existences of the most ancient times may it 
woven into the tissue of one great plan, with all that noi 
exists, and with all tliat shall eiist in the future. 

In retiring into the remote past, and descending Iro 
formation to formation as we retire, we have now reach) 
that great Silurian group of rocks in wliich, so far as ll 
geologist yet knows, fossils first appear, and which rejW 
sents a period of incalculable vastnoss, in which life, ili 
mal and vegetable, seems to have had its earliest bej 
nings on our planet. Enormous as is the depth of af 
of the other systems, — such as the Old Red and the C 
boniferons systems, — they shrink into moderate diniBJi 



IXamSEB ON flBOLOGT. 

siona when vre compare them with Uio truly vast Siliiniin 
fleposit. It was estimated only a few years ago, that the 
intire depth of all the fossil iferoiis strata diil not muuh 
Sxceod BIS miles : it is now found by the geologists of the 
Govornmcnt survey, that the Lower Silurian strata of 
iNoith Wales are of themselves about five miles in depth, 
5 the Upper Silurian, as estimated by Sir Roderick 
'Murchison, are about a mQe more. Many of the beds, 
, of both the Tipper and Lower divisions must have 
i>een of exceedingly slow deposition, — formed far from 
kn3, and at the bottom of deep seas: nay, there are Slln- 
1 Limestones that can scarce be regarded as deposits 
At all, seeing that every calcareous particle of which they 
ire composed was at one time associated with animal life, 
iis the joints of crinoidea, the calcareous framework of 
eorals, or the shells of molluscs, all of which lived and 
■died upon the spot that the rocks now occupy. And 
) of this character, when of any considerable thick- 
'liess, must have been very many years in the forming, 
The sagacious Chalmers saw and taught, at the beginning 
of the present century, that " the writings of Moses do 
bot fix the antiquity of the globe:" "if they fix anylliiug 
ht all," he said, "it is only the antiquity of the species." 
But there were few among either teachera or pupils who 
r so clearly as Chalmers ; and when the geologist first 
l>egan to demand a long tale of years for the production 
bf all the stony volumes of his record, it was, like the 
kmg price which the ancient sibyl demanded for all Tier 
Mnmes, very decidedly refused him. Instead, however, 
f bating in the demand, or acquiescing in the denial, the 
jeologists have been ever and anon returning, sibyl-like, 
o drive harder and yet harder bargains, and even to ask, 
[l for a single volume as they 




«rif aAt/t tar &e wink; bat U»eir Warsry, mlike thai 
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! mfiGtnde of doratioD doses as complete^ 
1 the wjiUtaa of tbe geologist in time, as the infiDEtjl 
of tsteonioii tAoav» around the systems of the astronorad^ 
io ipace. It ia ooe of the rerealcd cbaracteristicB of tb^ 
AdoiaMe Creator, that " from everlasting to everia 
he ia God." 

On the wcsteni coasts of Koss and Sutherland, < 
general basement of broken primary hills of no great alti- 
tude, we find the ( Citmlrian ) deposit occurring as a series 
of noble mountains, now entirely insulated from each otbei; 
and that yet give evidence, in their lines of nearly horizon- 
tal straU), that they once formed parts of a continuous bi 
which, ere the operation of the denuding agencies, liM 
oreriaici, to the depth of from two to three thonsanJ fe8*i 
the gneiss and quartz deposits below. They now exirti 
however, as a group of magnificent pyramids, compared 
with which those of Egypt are but the toy erections of 
children ; and yet, from the rectilinear chamcter of tli*"' 
abrupt and mural precipices, coursed as if with tears of 
ashlar, — from their general regularity of form, their tttteT 
bareness of vegetation, and their rich, warm color, whiA 
contrasts as strongly with the cold gray tints of the rockj" 
platfonn on which they rest, as the warm color of Wt 
It-oaher public buildings with the cold gray of our paw 
■troeta or squares, — they seem rather works of I 



toontrivance than prodactiona of Katiire. Seen from the 
west iu a cl«ar eummer evening, when the red level liglit 
blls on the still i-edJer stone, but at a anfficient distance 
to admit of those softening influences of the atmosphere 
which mellow the harsher veds into crimson and puqjie, 
there ia a gorgeous hoaaty in these pieces of Nature's 
Kiasonry which it ia scarce possible to exaggerate in de- 
scription. Beneath and in front we see a tumbling sea of 
ijraggy hiJls, which even the warm gleam of sunset scarce 
?elieves from their sober tint of neutral gray; while rising 
them abrupt and bold, and lined with their horizontal 
bars, appear the noble pyi-amids in their rich vestures of 
tegal purple, — the monuments of an antiquity compared 
with which that of Nineveh and Babylon belong to the 
[nornirg hours of a day not yet come to its close.* 

Bat it is peculiarly in the southern Silurian portions of 
jSie kingdom that "scarce a mountain lifts its head un- 
|ang." Yarrow, Ettrick, St. Mary's Loch, Leader Haughs, 
'weedside, — especially along those upper reaches of the 
.ver where it mirrors, in its calmer pools, the classic ruins 
if Mehose and Dryburg, and the young woods of Abbota- 
ird, — the Galawater, Teviotdale, Lammermuir, Galloway, 
id Nithsdale, the springs of the Doon, the hills that 
Be over the source of Dee, and the "moors and mosses 
lany" where the "Stinchar flows," — are all to be sought 
id found in the Silurian region of Scotland. It will 
•arce do now to estimate the scenic merit associated with 
le&e names at its actual value. The words of sober truth 

, * The abovo deaeription of* the scenery of the West Highlands la. In 
ict, that of the Silurian, a!tlioaj;h wrillen before Sir Roderick MurcMson 
Uscovered his error in laying down tliese mountains as Old Red. It ii 
fill up the blatns in deacription which nonld else occoi. 

23» 
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would Beem, according to Wordsworth, "strange words 
Blight and scorn," — 

"What's Yarrow but a river bare, 
That glides the dark hlHe under? 
There arc a. thoosand aui:h elseirhcre, 
As worthy of our wonder." 

EveE the indomitable good natnre of Sii- Walter w 
scarce proof against what he deemed the difipar^^ug, buV 
I doubt uot, truthful, estimate of Waabington Irvinj 
"Our i-amble," says this accomplished writer, in his "Al 
botsford," "took us on the hills, commanding an extensi 
prospect. ' Now,' said Scott, ' I have brought you, like 
pilgrim in the "Pilgrim's Pi-ogress," to the top of 
Delectable Mountains, that I may show yon all the gooi 
regions horoabouts. Yonder ia Lammermuir and Smi 
holme; and there you have Galashiels, and Torwoodli 
and GaJawater; and in that direction you see Teviotili 
and the braes of Yan'ow, and Ettrick stream 
along, like a silver thread, to throw itself into the Twei 
He went on thus to call over names celebrated in Scottiah 
song, and most of which had recently received a romanlio 
interest from his own pen. In fact, I saw a great part o! 
the border country spread out before me, and could trMS 
the scenes of those poems and romances which had in ' 
manner bewitched the world. I gazed about me for atilllfl 
with mute surprise, I may almost say with disappointment 
I beheld a mere succession of gray, waving hills, line !»■ 
yond line, as far as my eye could reach, monotonoofl in 
theii- aspect, and so destitute of trees, that cue could alinw' 
see a stout fly walking along their profile; and the fiw 
famed Tweed appeared a naked stream, flowing betweSBj 
bare hills, without a tree or thicket on its banks. 
not help giving utterance to my thoughts. Scott hi 
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for a moment to himself, and looked grave, lie had no 
' idea of having his muse complimenteil at the expense of 
his native hills. ' It may be partiality,' said he, at length ; 
'but to my eye these gray hills, and all this wild border 
ooantry, have beauties peculiar to themselves. I like the 
ivery nakedness of the land: it has something bold, and 
itern, and solitary about it.' " Yes ; there is no question 
itbat, had not the poets thought so, they could not Iiave 
sang so honestly and warmly, and, of consequence, so 
.successfully : 

"The poet's lyre, todx his theme, 
Host bo the poet's heart;" 

aA 80 let us with a good grace acquiesce in their decision. 
!Phe border land, with its Silurian groundwork, has its 
peculiar beauties; and no one could poi-tray ihem at once 
igo graphically and so discriminatingly as Scott himself. 
Tate, for instance, the paa^age in "Guy Mannering," where 
e describes his hero, Brown, and the redoubtable Dandy 
Diomont, approaching Charlieshopo after the renconti'o 
irith the gipsies on Bewcastle Moor. " Night was now 
Mling, when they came in sight of a pretty river, winding 
ts way through a pastoral country. The hills were greener 
nd more abrupt than those which Brown had lately passed, 
inking their grassy sides at once upon tlie stream. They 
pretensions to magnificence of height, or to roman- 
ie shapes, nor did their smooth swelling slopes exhibit 
• rocks or woods ; yet the view was wild, solitary. 
Old pleasingly rural. No inclosures, no roads, almost 
iUage: it seemed a land where a patriarcJi would h: 
lioeen to feed his flocks and herds." This is faithful 
leription, at once beautiful and characteristic; and such 
hy aadience as remember the exquisite landscape of 
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"Enterkin" of our countryman Harvey, as exhibited at 
Koyal Institution liere, in — if I remember aright 
year 18i6, with its gray rocks, its gi-eeii swelling h 
Boftiah outline, and its recluso and houseless valley of di 
est loneliness, will be convinced, as I am, that where 
is in the mind a certain prominent requisite present, 
region of the Silurians is aa available for the purposes 
the painter as for those of the poet, — that one requii 
b^ng the not very definable and many-sided faculty repre- 
sented by the single magic word genius. 

The Silurians of Scotland, though of very considerable 
depth, are greatly less rich in organic remains than the 
contemporary deposits of England and the Continent. 
Vast beds of gray slaty rock, hundreds of feet in thickneas, 
seem to have been formed at the bottom of profound seai 
beyond the zero line of animal or vegetable life. And even 
in the cases in which organisms of both kingdoms were 
present, we find their remains very imperfectly preserved.' 
The flora of the system in Scotland is represented merely 
by a few dark-colored carbonaceous beds, which occasion- 
ally pass into an Impure anthracite or bUnd coal, and which 
are probably identical in their origin with tiie anthi'adw 
schists of Scandinavia, i-egarded by Sir Roderick ilarchi- 
Bon as the remains of large forests of algie and fuel, wHuh 
originally existed in the Sdurian seas, and which, fp 
their perishable nature, have lost all trace of their origil 
forms. In the ashes of an anthracite of our Scottish 

1 As mentioned In tlie prefaoc, It la stated by Sir Roderick MurclilMil>H 
his Leeds iiddre»s to the British AsBot^iatlon, Ihnt twcnt; spcdea of SI 
rian (bssils Imvo been discovered by Mr. Peneh in a limiatona 
the Silnrian funsloirierato of tlic Weatern Hi(;lilaud», detennined lU ^ 
S«lter, and rarefully cxnmined by Sir Roderick himself. They art If 
rea, Mnrchlsonia, Ctphileia, and Octhoueras, witi an Orthis.Wt— 



ll:ins, which occura near Traquair, Professor Nicol, of 
Oork, observed, under the microscope, tubular fibres iin- 
Ignestionably vegetable, but which he thought indicative of 
vegetation of a higher class than our existing algce. There 
B, however, a liimily of marine plants now represented on 
Mir coasts by a single species, which had, I am inclined to 
^ink,its representatives at a very early pcrloil in our seas; 
.■and which, had it existed during the Silurian ages, could 
lisTe furnished the tubular cells. I refer to the Zostera, or 
graas-wraek, a plant of the pond-weed family, which, unlike 
i«ay of the algie, has true roots, true flowers, true seeds, 
itongh fibrous stems, and grass-like leaves, traversed by 
.parallel veins, nod that yet lives in the sea among lamina- 
rite and Jloridim, far below tlie fait of our lowest stream- 
lidee. It is worthy of notice, too, that the Zostera marina, 
our recent British species, when driven asliorc on parts of 
enr coasts at certain seasons, — as it always is, in great 
ibtttidaiice, — decomposes into a snbstance mnch resem- 
bling peat, that, unlike the brown pulpy mass into which 
"he atgHJ in similar circumstances resolve, retains distinct 
race of the vegetable fibre. It is fiirther noticeable, that 
Mne of the vegetable remains of the Old Red Sandstone 
F-the oldest specimens fiimished by our Scottish flora that 
resent aught approaching distinctness of outline — exhibit 
»veral traits that remind us of the leaves of gigantic 
(ofltera. The vegetable impressions of some of the Oaith- 
8 fl^stones have rectilinear edges, and are traversed by 
Swallel lines, scarce less strongly marked than the ridges 
""the Calamitc; but, from the extreme thinness of the 
Bf ression left in the rock, they seem rather the veins of 
mves than the fluted markings of steins. It is quite poa- 
ible, therefore, that though tlie anthracite beds of our 
f the exiatence 



a higher vegetation than that of the algoa, it may hai 
been a marine vegct.ition notwithstandiog. No terreati 
plant has yet been detected in the Silurians of either Ei 
land or Scotland : the flora of the time, within at least 
area of the British islands, seems to have been a poverty- 
strickcn flora of the sea, consisting mainly of Fuci and 
Algre, and including as its highest forms a species or two 
of Zostera, or, as is more probable, of some extinct analo- 
goas family, 

Tho Silurian fauna in Scotland consisted also, so &r 
as we can now judge from the broken remains, of but a 
few marine forms. In the SUurian deposits of England 
fishes appear ; but in our Scotch Silurians we find nothing 
higher than a Trilobite or a cephalopodons mollHsa 
The Trilobite was perhaps the most characteristic orgsnio 
form of the system. It occurred, also, though in types 
Bpecifically distinct, in the Old Red Sandstones of England 
and the Continent; and I have found well-marked spec- 
imens even in the Mountain Limestone of this neigh- 
borhood, — -tho formation in which the family finally ili*- 
appears ; but it was in the Silurian system that it receired 
its fullest development, both in size and number; and 
portions of at least five specios have been detected in 
the Silurian deposits of Scotland. The Trilobite waa < 
many-jointed crustacean, which since the close of the C»^ 
honiferous period, has had no adeqnate representative in 
creation, but whose nearest allies we have now to seek 
among the minute Entomostraca, especially among ih* 
genus Branchipus, — little insect-like creatures, occasion- 
ally found in stagnant pools, famished with fin-like leg»( 
fitted for swimming, but not for walking with, and ths 
spending happy lives, darting hither and thither thr( 
the npper reaches of the water, now swim along the 
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ice on their backs, and now on their abdomens, Tbe 
!rilobItes, like tbe Entomostr.ica, seem to have been 
BTciBhed with merely merabranaeeons, oar-like limbs, and 
mat have led a purely aquutic life as swiramers, — at one 
[me oaring theii" way, back below, along tbe surface of 
he Geo, at another, back above, along tbe bottom. But 
of these Entomostraca of the Old Silurian ocean 
pere, compared with their modem representatives, of 
p^at size. Tbe Ilbmatonotus delphinocepheUua had a ear- 
ice as large as that of an ordinary market crab, and the 
ttaphus tyrannua and Isotelua inegistos were each of 
i^m as large animals, though different in their propor- 
)pa&, as ordinary market-lobsters. But it seems to have 
en characteristic of both tbe flora and fauna of these an- 
jnt times, that many of their characteristic forms should 
lite great size to a humility of organization restricted 
the present ages to forms comparatively minute. The 
LVilobitcs of the Silurian system, like the Ciub-mosses and 
Iquisetaceoe of Tbe Coal Measures, were of a Brogdig- 
agtaa cast ; and, regarded as Entomostrncn, we must bold 
to return to a. former illustration — that we look upon 
am with eyes sharpened by an experience acquired 
long tbe productions of LUliput. So far as we yet 
ow, the higher contemporaries of the Tiilobite in Scot- 
id were chambered shells of two well-marked genera, 
that of the Orthoceratite, a long, straight, liom-shaped 
keli ; and that of tbe Lituite, which may be described 
Orthoceratite cmled up into a scroll. And, asso- 
{Bted with these, we find some of the low bracbio- 
|)doas molluscs of the more ancient types, such as Lep- 
ift, Orthes, and Spirifers. But by fai' tbe most char- 
«riatic oi^anisma of our Scottish Silurians belonged 
• low zoophitic family, allied by some of their afim- 
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ities, in some of their genera, to tbe sea-pens, and by o 
tain other affinities, in some of tlitir other genera, to t 
Sertularia. Tliey are known to the geologist by the geiM 
ml name of Giaptolitea. The Sertularia, corapoand, plai 
like animals, that resemble miniature bushes in spring, 
just as the buds are bursting into leaf, are attached al- 
ways, by their seeming roots, to rocks, shells, or sea- 
weed, and so require a hard bottom; whereas the sea- 
pens, compounil, feather-like Zoophiles, whose every fibre 
contains its rows of living creatures, affect soft muddy 
bottoms, in which they may be found sticking by their 
qnill-Iike points, like arrows in the soft sward around a 
target. I have seen them brought up by scores on the 
lines of the fisherman, out of a muddy ravine in tbe Mo- 
ray Frith, that sinks abruptly from beside the edge of n 
barcl submarine bank, to tbe depth of thirty fathoms ; aniJ , 
have often admired their graceful, quill-like forms, and 
their delicate hues, that range from pink to crimson, and 
from crimson to puqjlo. And, judging from the ch3ract«_j 
of those gray carbonaceous deposits in which the 
tolitcs of our Silurian rocks most abound, it is probalw 
that they also were mud-loving animals, and more resen 
bled in their habitats, if not in their structui-e, the 
pens than tbe Sertularia. It is a eurious cireumst 
Uiat, in the group at least, the Graptolites of Scotland S 
more obviously allied to the Graptolites of the vast SilB 
rian deposits of Canada and the United States, than tj 
those of the Silurians of England. With this curiofl 
zoophile we take farewell, In Scotland, of life and org: 
ization, and the record of the paleontologist doses^ 
remains of no plant or of no animal have been detected ifl 
this country underlying tbe rocks in which the olit$ 
Graptolites occur. 
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Beaeath the SiLtmiAif deposits of Scotland there rest, 
an enormous thickness, what, with the elder geologists, 
[ shnll persist in terming the primary deposits, consisting, 
a the descGnding order, of clay-slates, mica-scliists, quartz- 
rocks, primary limestones, and the two varietiea of gneiss, 
• — the granitic and the schistose.' In retaining the old 
name, I mnst, however, be regarded as merely holding that 
lieBe rocks were actually the first-formed rocks of teftat 
t turn Scotland, — that the gneiss was gneiss, and the 
ite woe slate, ere ever our oldest fossitiferoua formations 
ieffan to be deposited, or the organisms lekich they contain 
iad lived or died. Into the question raised regarding the 
brm in which they were deposited, or the condition of 
ftnr planet daring the period of their deposition, I do not 
KI present enter. On the other point, however, — the com- 
re antiquity of these unfossiliferous rocks in Scot- 
-the evidence seems very conclusive ; the base of 
lome of the oldest deposits in which we find organismB 
aclosed consists of broken, and in most cases water- 
tolled, fr^ments of the gneisses, quartz-rocks, clay-slates, 
mica-schists of the primary regions of the country.^ 
S^hese primary regions are of great extent. The gneiss 
gjon contains nearly ten thousand square miles of snr- 
; the mica-schist, fully three thousand ; and the quartz- 
c and clay-slate united, about fourteen hundred miles 
Comprising almost all the Highlands of Scotland, 
Irith the greater purt of two of our Lowland counties, 
Lnflshire and Aberdeen, their entire area, if we add about 
been hundred miles additional of granite and primary 

I Hugh Miller eTideDtlf uobe idax busfected the Iil^itoiy of ths 
Blogr of tbo nortb and nonliwcst of Scollaiid, ^ iluveloped by Ur. 
ach and Sir Eodcrick Miirdiison in 1858.— W. 8. S, 
' Sve MnrcIiisoii'H " SiiiiriB,"'Sd editioa, App. 553, SM, and 55S. 
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poriiiij-ry, tloea not fiilt sliort of sixteen thousand squai 
miles. It would be a bold and perilous task for o 
has in some degree appreciated those sublimely impre 
BJve word-paintings of the Highlands which have added ) 
largely to the well-earned celebrity of your dlsttDgabbe 
President, and which seem invested with the very atmo» 
phere of our hiUs, or who has seen with admiration an^- 
delight not only the very features, but all the poetr^ 
of our noble mountain scenery, glowing fi-om the canvHj 
of Macculloch and of HilJ, — it would, I say, be a perilot 
task under the recollection of achievements such as theB 
to attempt a dull analysis of tho geologic principles t 
which the pecuhai'itiea of our Highland landscape depent 
I would feel aa if I were bringing yon fi'om the stu^ 
of some heaven-taught sculptor, crowded with shapes 4 
manly beauty and feminine loveliness, to lecture, amid t 
melancholy rubbish of a dissecting room, on tlie articol 
tiona and proportions of the bones, and the form i 
position of the muscles. I shall venture, therefore, I 
merely a few desultory remarks, and shall request yon, i 
order to hghten them as much as possible, to accompU 
me, first, in a sort of mesmeric expedition to the v 
extremity of Glencoe ; at which, after having journeyed 
as only the clairvoyant can journey, let ns now deem oui* 
selves all safely arrived, and just set out on our way batdc; 
again by the Loch Lomond road. In the course of ow 
journey we shall pass, in the ascending order, over all t 
great Primary formations.' 

' According to a dingrnm whitli I haro lind the honor of receiving fn 
the hnnd of Sir Roderick BIuTrhison, illoslratlng hla latest c:(p]atatiomi 
tha north, there are mo disiliict ^eissea, — nn older and ajounger; 
first underlying tlie Comhrlsn conglomsrate and Sitoriiui fossU-bM 
I)andof the west; the other or ronngergneifs forming part of tbeMl 



Let ns first mark the character of the Glen, — not lesa 
mous for the severe and terrible sublimity of its natural 
features, than for that dark incident in its history which 
1 such melancholy hai-mony with the terrible 
rad the severe. We are in a region of primary porphyry, 
1 the main a dark-coloreii rock, though it is one of its 
^uliar traits, that in the course of a few yards it some- 
times changes its hue fiom dark green to black or a deep 
tteutral tint, and from theso again to chocolate color, to 
brick red, or to iron gray. But the prevailing hues are 
ilingy nnd sombre; and hence, independently of the brown 
h«atb and ling, and those deep shadows which always 
AOOompany steep rocks and narrow ravines, a sombre tone 
ifi the coloring of the lantlscape. Wlien, however, for a 
few days the atmosphere has been dry and the sky serene, 
^e dark rocks seem in many parts as if strewed over with 
VI exceedingly slight covering of new-fallen snow, — the 
effect of the weathering of a thin film of the compact feld- 
■, which forms the basis of the porphyry into a white 
^rcelauic earth. It is, however, in the form of the rocks 
^t we detect the more striking peculLirities of the por- 
pbyritic formation. Tbey betray their igneous origin in 
d-columnar structure. Every precipice is scarred 
vertically by the thick-set lines which deSne the thin irreg- 
alar columns into which the whole is divided ; and as the 
(olomnar arrangement is fiivorable to the production of ■ 
I steep precipices, deep narrow corries, and jagged and 
deed summits, the precipices on either side are tall and 
Keep, the eorries are deep and narrow, and the summits 

ienfl, and underlying tbe Old. Rfd Sandstone conglomemtre anil nscend- 
(bSfliiiferons series of llie east. Of course, the Cambrian will contain 
{menu of the older, and tbe Old Rod conglomerate fragraenifl of Ihe 
inger gneiss. — L, M. 
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are sharp, spine-like and uneven. A hill of primary por- 
phyry, where not too much pressed upon by its neighbor 
hills, as trees press upon one another in a thick wood, so 
that each checks the development of each, generally affects 
a pyramidal form ; and we find fine specimens of the reg- 
ularly pyramidal hill in the upper part of the valley, just 
as we enter on the open moor. I may mention, ere we 
quit Glencoe, that the more savagely sublime scenery of 
Scotland is almost all porphyritic. There is only one 
other rock — hypersthene — which at all equals the pri- 
mary porphyry in this respect ; and hypersthene is of com- 
paratively rare occurrence in Scotland. It furnishes, how- 
ever, one very noble scene in the Isle of Skye : the stem 
and solitary valley of Corriskin, so powerfully described in 
the " Lord of the Isles," is a hypersthene valley. 

Emerging from Glencoe, we enter upon a scene that, 
in simple outline, abstracted from the dingy tone of the 
coloring, and the bleak and scanty vegetation common to 
both, contrasts with it more strongly than perhaps any 
other in Scotland. We have quitted the porphyritic re- 
gion, and entered upon a region of granite and gneiss. 
Looking back from that most solitary of Scottish inns, 
King's House, we find that we can determine with much 
exactness, from the form of the hills, where the porphyry 
ends and the granite or gneiss begins. The last of the 
porphyritic hills is a noble pyramid, broken into dizzy pi*ec- 
ipices, and lined vertically, like some of our semi-columnar 
traps ; whereas the first of the granitic hills, placed imme- 
diately beside it, with but a narrow valley between, is of 
rounded outline, — a mere hummock magnified into a 
mountain, and wrapped round by a continuous cawl of 
brown heath. On the other hand, we see the granite rol- 
ling out into a moory plain, — one of the dreariest in Scot- 



land, — and forming a basin for a long, flat-shored locb, 
,lriiose trown waters do not reflect a single human dwel- 
iling. Granite, however, does not always present features 
to little attractive. It is, in truth, a many-charactered 
.rock. In general, the feldspar, which enters so largely into 
its composition, contains a. considerable per centage of 
,potash, and so decomposes readily ; and bence the rounded 
'jbrms of many of our granite bills and boulders. It aflects, 
too, on the large scale, though unstratified, a tabular ar- 
iXangement, and sometimes exists, as in this instance, and 

1 those dreary parts of the lowlands of Aberdeen where 
She patidmony of the redoubtable Sir Dngald Dalgetty lay, 

IS extensive and usually very barren plains. But in other 
ijnrts it has little or no potash in its composition ; and 
forming, in these cireumstances, one of the most durable 
pf rocks, its peaks and precipices stand up, as in Goatfell 
in Arran, wilb all the poi-phyritic Bhnrj)ness of outline, 
(Hnweathered for ages, or present, as in Ben Macdui and 
jts Titanic compeers, features at once bold, broad, and sub- 
ilimcly impressive. Humboldt, generally so correct in his 
^Views of Nature," eeems to have seized on the granite in 
but one of its aspects. " All formations," we find bim say- 
ing, " are common to every quarter of the globe, and as- 
^me the like forms. Everywhere basalt rises in twin 
VLOuntains and truncated cones; everywhere trap porphyry 
.'presents itself to the eye under the form of grotesquely- 
^aped masses of rock; while granite terminates in gently 
funded summits." 

We pursue our journey, and enter on a great gneiss dis- 
jtrict. And in its swelling hills, rolled, like pieces of plain 
drapery, into but a few fulds, and in its long withdrawing 
valleys, more imposing fiom an element of simple extent 
I from aught peculiarly striking in their contour, we 
24* 
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recognize the staple scenery of the Scotch Highlands, — 
the scenery of ten thousand square' miles. A gneiss hill 
is usually massive, rounded, broad of base, and withal some- 
what squat, as if it were a mountain well begun, but in- 
terdicted somehow in the building, rather than a finished 
mountain. It seems almost always to lack the upper stories 
and the pinnacles. It is, if I may so express myseli^ a hill 
of one heave; whereas all our more imposing Scottish hills, 
— such as Ben Nevis and Ben Lomond, — are hills of at 
least two heaves; and hence, in journeying through a 
gneiss district, there is a frequent feeling on the part of 
the traveller that the scenery is incomplete, but that a few 
hills, judiciously set down upon the tops of the other hills, 
would give it the proper finish. No hill, however, accom- 
plishes more with a single heave than a gneiss one ; the 
broad-based Ben Wyvis, that raises its head, white with 
other snows than those of age, more than three thousand 
feet over the sea, and looks down on all the other moun- 
tains of Ross-shire, is a characteristic gneiss hill of a single 
heave. Quitting the gneiss region, we cross a compara- 
tively narrow strip of quartz rock. The quartz hills in its 
course are, however, not very characteristic. Such of yotL 
as may have sailed over the upper reaches of Loch Maree^ 
with its precipitous, weather-bleached pyramidal hills, ^Q 
bare of vegetation atop that their peaks may be seci^sxv 
gleaming white in the autumnal moonlight for miles, ns 
covered with snow, or who may have threaded your w: 
through the deep and sterile valleys that open their loi 
vistas towards the head of the lake, will be better able 
conceive, than from aught witnessed in the course of o 
present day's jouraey, of the savage wildness of scenery 
savage and wild, but grand withal — which is the proj^ <?/• 
characteristic of a quartz-rock district. 
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And now, the strip of qunitz rock passed over, we enter 
I extensive region of rnica^Bcbist, — a formation so 
hvomble to the development of a picturesque beauty, — 
iver and anon rising into tlie sublime, — that what is peen- 
ia»-ly the classic ground of Highland scenery is to be found 
tithin its precincts. Loch Awe, Loch Long, Loch Goil, 
|joch Tay, by much the larger and finer piirt of Loch Lo- 
ffiond, aU Loch Kiitrinc, Ben Venue, Ben Lerli, Ben Lo- 
I siond, and the TrosB.achs, with many a fine lake and 
stream besides, and many a noblo bill, arc included in this 
rich province of the mica-schist. 

We first become aware that we are ncaring the formar- 
^n by the peculiar contour of its hills, as seen Et a dis- 
tance of several miles Aa we .approach their gi-ay rocks 
of silky lustre, we find that they are curved, wrinkled, 
contorted, bo .is to lomind ai of pieces of ill-l.iid-by satin, 
hat bear on their crnihed 8nrfj.ces the crensoa and crump- 
tngB of a thousand nrelcis foldings; and mark farther, 
^at it is to these curves and contortioiis of the strata 
Jiat the tubercled outlines of the hills are owing, and, 
rith these, the bold projecting knobs and sudden recesses 
rbich break np their surfices into bo many picturesque 
irildernesses of light and shade. Not unfrcquently, bow- 
rver, vast masses of schist, of a structure as dense and 
^lid as that of granite, occur in the micaceous distiicts; 
and these form hills of a simpler outline, which, like the 
rock which composes them, seem intermediate in character 
between the mica-schist and the gneiss hills. All the 
iBica-Bchists, however, decompose into soils, which, though 
I light and tliin, are more favorable to the production of the 
I grasses and the common dicotyledonous shrubs and trees 
of the Highlands, than any of the gneisses or granites, and 
L greatly more so thou the porphyries or quartz-rocks ; and 
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SO the micaceouB regions are not only more pictaresqne 1) 
oatlino than any of the others, but also richer i 
and softer in color, A tangled profusion of vegetaliM 
forma quite as marked a feature in the living and breatS 
ing description of the " Lady of the Lake," as the i 
picturcsquencss of the crags and precipices which 
vegetation half conceals ; and this, be it remembered, I 
not an ordinary characteristic of the Scottish Highlan32^ 
thongh true to natnre in the naica-schist region selectef I 
by Scott aa the scene of his story. After employing, itb 
describing the rocks near Loch Katrine, well nigh half tl 
vocabulary of the architect, — spires, pyramids and piM 
cles, — towers, turrets, domes, and battlements, — cupola 
minarets, pagodas, and mosques, — he goes on to say, 

" Nor were these eanh-lKim eastlca bare. 
Nor lacked they many a Tianner fair; 
For from tbclr ahlvered brows displayed. 
Far o'er Iho nQfathomablo giade, 
All twinitllng with ihe dewdrop'B Bheeii, 
Tbe bder-roBB fell in streamers ereea. 
And creeping ebrabs of Ibousand dyes 
Waved in the west wood's auramer slghj. 
Boon nature scattered free and wild 
Eacb plant or flower, tbe mountain's ctlOd. 
Hero eglantine emtiaJmed tlie air, 
Hawthorn and hazic mingled tbore, 
Tbe primrose pale and violet Bower 
Found in eacb cliif a narrow bower; 
FoigloTB and nightsbade, side by side. 
Emblems of punlsbment and pride, 
Gronped their dark hnea witb evoiy Stain 
The weather-beaten crags retain, 
Witb bougba that quaked with every breath; 
Gray birch and aspen wept beneath; 
Aloft the ash and warrior Oalc 
Cast anchor in the rifted rock; 
And bifther yet ihe pine-tree hung 
His sb'Sltered trunk, and froquoni flnng, 



lere is there a description of the characteristic vegetation 
our richer mica-schist valleys, not more remarkable for 
1 poetic Inxuriance than for its strict truth, — truth so 
t and literal, that I question whether even the hyper- 
yitic, who looked for hut a typical catalogue, could cnn- 
nerate more than two forms of vegetation, prevalent in 
i districts, which it does not include. The fei-tia grow 
! singularly rank and delicate in the shade, amid 
tte bosky recesses of the mica-schist ; and evoiy damper 
«ces3 of the rock we find thickly tapestried over by the 
mosses and the liverworts. 

Passing southwards along the dark surface of Loch 
Lomond, skirted for rather more than two-thirda of its 
length by these hills of inica-schist, which confer on its 
>er reaches a character of mingled pictaresquenesa and 
Hihlimity, we enter, nearly opposite the pastoral village of 
t band of clay-slate, — the last or most modem 
l>f the primary formations. It is of no great breadth, — 
nme three or four miles at most; but it runs diagonally 
1 the entire kingdom, fi-ora the western shores of 
Bute, where it disappears under the outer waters of the 
^ritb of Clyde, to near Stonehaven, where we lose it in 
he German Ocean'. We find it associated with a softer 
yle of scenery than the mica-schist. Lacking the mul- 
itudinous contortions, and consequent knobs and pro- 
nberances, of the schist, it is less picturesque, though 
area less beautiful ; nor is its beauty devoid of an en- 
obling mixture of the sublime. The gracefully-contoured 
Ilia that rise immediately behind Liiss, with their recluse 

Bithd rawing valley, — the green roUing meadow on which 
le village is built, — and in front the holder and finer 
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islrinds of tbe lake, — belong all to the clay-slate, and con 
pose a very cbaractci'istic landscape. Dunkeld, Com 
and the fiue country to the north and west of Calleadi 
including Loch Vennacher, with many a scene besidea, t^M 
a character intermediate, as becomes their place, bctwec 
the Highlands and the Lowlands, occur in the belt of cli^-J 
Blate that sweeps in ite diagonal course from sea to e 
Leaving Lusa behind us, we enter, ei-e quitting the lake^J 
on wliat is unmistakably the low country. The fi-ama-J 
work of the land before us and on either hand, with tin 
of about one-half the lower islands of Loch Lomond, I 
all formed of the Old Red Sandstone ; and what Byi 
would perhaps term tbe " domestic beauties " of the pro 
pect, — swelling hills ploughed to the top, green laae* 
rich meadows, and woods whose rectilinear edges still loll 
of the planter's line, — bear evidence to the fact. The 
land, however, is that of Buchanan and of Smollett. Bolh 
were horn on the Old Red Sandstone here; and the latter, 
in his well-known description of the lake, in "Humphrey 
Clinker," — the product of a time when descriptions of 
Scottish scenery were less common than they are now, — 
places in the foreground, in a style unmistakable froO J 
their truth, the features of this Lowland formation, wliiubij 
in his age, wag unfurnished with a name. "I have seeiii || 
he says, "the Lago di Garda, Albano, De Vico, BolsinI 
and Geneva, and, upon my honor, prefer Loch Lomoniin 
them all, — a preference which is certainly owir 
verdant islands that seem to float upon its sui-face, afforf 
ing the most enchanting objects of repose to the exconlVg 
view. Nor are tbe banks destitute of beauties i 
even partake of tbe sublime. On this side they display f 
variety of woodland, coi-n-fields, and pasture, wilh sevd 
agreeable villas emerging, as it were, out of tlie labe, tiBI 
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at some distance, the prospect terminates in biige moun- 
tains covered with heath. Everything here is romantic 
beyond im^ination : the countiy is justly termed the 
Arcadia of Scotlnnd," In the corn-fields here, the wood- 
lands, and the pastiires, we recognize the Lowland features 
of the Old Red placed prominently in the foregroimd; 
and in the huge mountains in the distance, the bolder 
Iliffhland features of the clay-slate and the mica-schist. 
In etill journeying southwards, we skirt the banks of the 
Leven, — the stream wliich connects tlie watera of the 
lake with those of the Clyde, and which, for the greater 
part of its course, runs over an Old Red Sandstone of the 
same age as that of Balruddery, Carmylie, and Turin, and 

'hich presents as its characteristic organism, the Cepha- 
ipis. And nowhere in Scotland, as is well shown in 

Imollett's classical Ode, is there a more thoroughly Low- 
'lind river. 



Us] 



"Pnre stream, in whose transpnrent viom 
Mj joulhrnl linili3 I wont to lave; 
No torrents etsin thy Umpid sonri«, 
No rocks impede th; dimpling coarse. 
That Bweetlj' warbles o'er its bed. 
With white, round, polished pebbles s[ 
Devolving from thy parent lake, 
A cbBrming mue tby WRtcrs luabe. 
By bowers of birch and groves of pino 
And hedges flowered with eglantiao." 



re, however, closing our joamey of a day, which 
iccB UB to 80 interesting an epitome of the scenery 
o primary rocks and the Scottish Highlands, we 
ied in the midst of the low country by scenery 
S to be that of the Highlands repeated, but on a 
aller scale, and, if I may so express myself, in a more 
*nnered style. We pass over a narrow belt of the 
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roclcs, which, like the stratified depoata of this part of 
kingdom, — clay-slate and Old Red Sandstone, — 
fi'Om eea to eea, and which, including in its range UlB 
Cainpsie and tiio Ocliil hills, h here represented by tins 
picturesque double-peaked rock which bears the anciei^ 
fortalice of Dumbarton, — the castle which, according 
Jeanie Ceana'a friend, Mr. Archibald, was always given a^ 
keeping to the best man in Scotland, — at one time ta 
Sir William Wallace, at another to the Duke of Argyle. ■ 
The depth of the primary stratified rocks, which in 
Scotland must be very great, has been vaiiously estimated 
by geologists, as low as five and as high as ten miles,— 
evidence enough, tlid we require any such, that there mast 
be some degree of obscurity in the data on which the 
calculations regarding it have been founded. It is alwajs 
extremely difficult to estimate the thickness of even > 
clay-Biate or quartz-rock deposit in a mountainous couo- 
try, where the centres of disturbance are numerous and 
involved; and in gneiss and mica-schist — always grealJj 
contorted deposits — the difficulty is so enhanced, tl 
what begins as calculation usually ends as guess. Bl 
we at least know that it can be no thin series of 
however much their strata may be contorted, or how«i 
often repeated, that covers, in highly iuclined 
tracts of country so extended as even those which we 
covered by them in the Scotch Highlands, 
the four primary stratified deposits — cluy-slate, 
BChist, quartz-rock, and gneiss, — at right angles with 
line in which they tr.iverse the country in the soutl 
division of the Highlands, we find them occupying, 
from near Crieff to Fort- Augustus, a tract rather 
than sixty miles across; ami in crossing at the same 
the northern division of the Highlands, — as from 



tTrqnhart to the middle reaches of Loch Cairon, — we 
ind a tract of nearly forty milea occupied by the gneiss 
Blone. The question ia one on which I would not choose 
) dogmatize ; but an estimate that gave to our Scottish 
primary rocks an aggregate thickness of from six to eight 
B I would not regard as by any means too high. A 
led question, however, and a stdl more doubtful 
one, respects their formation. In what form, and under 
what circumstances, it has been often asked, and very 
Tariously answered, were these stratified primary rocks 
deposited ? 

They exhibit with almost equal prominence two distinct 
,'iDlasses of phenomena, — an igneous class and an aqueous 
.; and are as intimately associated with the Pleistocene 
I by the one, as with the sedimentary rocks by the 
■. I have seen in the same quarry of quartz-rock, 
me Bet of Btrata as decidedly chemical in their texture as 
torphyry or hypersthene, and another intermingling set 
I decidedly mechanical as gi'auwacke or conglomerate. 
have seen, too, in the same gneiss rock, the minute 
mica, so abundant in this formation, arranged 
Jetween the layers as decidedly on the sedimentary prin- 
dple as in a micaceous sandstone, and in the layers them- 
Blvea as decidedly on the ciystalline principle as in 
granite. And this compound character of the gneiss may 
,I>e regarded as the general one, with, of course, certain 
exceptions in all the primary stratified rocks : the condi- 
Q of their stratification is mechanical and sedimentary, 
lat the condition of the strata themselves igneous and 
aical. How were these variously-blended characters 
nt induced ? The geologists of one school tell us that 
he primary formations originally existed as ordinary sedi- 
fmtaxy rocks, but that they liave since been altered by^ 



the action of intense heat, anci that, while the str&tififlt 
tion remaiDB .ib an evidence of their first condition, ■ 
texture of the strata indicates the igneons change y 
has passed over them ; while the geolog^ts of anotbi 
Bchool hold that their first deposition took place i 
(arcumatances essentially unlike any which now exist, on a| 
leaflt the surface of our planet, and that their mineralogies 
conditions were, in consequence, originally different f 
those of any deposition taking place at the present t 
or in any of the later geological ages. I am incliB 
hold that there is a wide segment of truth embodied i 
the views of the metamorphists ; hut there seems to I 
also a segment of truth on the other side ; and so I mug 
likewise hold with their antagonists, that there cxistei 
long periods in the history of the earth in which there 
obtained conditions of things entirely difiercnt from any 
which obtain now, — periods during which life, either 
animal or vegetable, could not have existed on our planet; 
and further, that the sedimentary rocks of this early age 
may have derived, even in the forming, a constitution and 
texture which, in present circumstances, sedimentary rocb 
cannot receive. 

The scientific world ia subject, like the worlds of poliliffl 
and trade, to its periods of action and reaction. Those 
who hold that the earth was once a molten mass throngl** 
out, — nay, that at a certain, not very profound, depth iB 
matter may be still in an incandescent state, — may haw 
perhaps driven their theory too far; and the currents* 
present seems to have set in against them. Mr. Hopkins'* 
profonnd deductions on the phenomena of Precession awl 
Nutation have been held to establish that the cmst of ll 
earth is at present a solid unyielding mass to the depth* 
a t least a thousand miles fi-om the surface, "Nay, tlrtli 



B nottiing in this inquiry," says Professor Nichol, in refer- 
Dg, in Ilia late admimble work, "TLe Planetary System," 
I the problem of ilr. Hopkins,~"thore is nothing in 
|his inquiry rendering it impossible that tLe globe is solid 
^rongboat ; and assuredly, a distinct negative is given 
> a whole class of prevalent geological conceptions, on 
groundfl vastly more solid than any which appear to Bua- 
ttan them." And I find Sir Charles Lyell, in the latest 
dittOB of his " Priociptcs," — that of last year, — su^estr 
ig the existence of a circle of superficial action on the 
Mrth's crust, quite sufficient to account for an intermittent 
^^eouB activity altogether independent of central heat, 
luid which might go on by fits and starts forever, and be 
1 powerful a million of years hence as in those incal- 
eulably ancient times when our Scottish gneiss was in the 
jbrming. Accepting the theory of Sir Humphrey Davy, 
Kidized metallic nucleus of the globe, capable of 
beiiig oxidized all around its porphyry by the percolation 
f water, and of evolving heat enough in the process to 
inelt the surrounding rocks, he thus provides plutonic, 
bietamoi'phic, volcanic agencies; and whereas Sir Ham- 
phrey Davy held, that when a thick crust of oxide had 
i fbi-mcd in this way, it served to shut out the water, 
bid the chemical action became in consequence more and 
Bore languid, till it altogether ceased, Sii- Charles finds, 
1 another but harmonizing theory, an expedient for rein- 
igorating the slumbering plutonic forces, and tlius, after 
i period of repose, renewing their activity. The oxygen 
if tbe water is, of course, the oxidizing agent ; but water 
I hydrogen, and hydrogen is a deoxidizing 
"AVhcn the oxidizing process was going on," 
9cya Sir Charles, "much hydrogen would of necessity 
wonU permeate the cnat of the t 



be stored up for agea in fiasures and caverns ; and yrhm 
ever it happeiied to come in contact with the mctnllj 
oxides at a high temperature, the reduction of these oxida 
would be tho nccesaaiy result." And we have thus ifl 
circle of forces, — oxidization of the metallic basis 1 
evolve the plutonic agencies, and deoxidization of t 
oxides to produce the metallic basis again. Tlie pro 
would somewhat resemble that on which the movema| 
of the ste.am-en^ne depends, and in which water i 
expanded into steam, and then the steam in turn i 
densed into water, and thus the action of the en^ 
kept up. 

Now, I need not here say how thoroughly I respect A 
judgment and admire tho genius of Sir Charles LycII,4 
one of the gi-eatest of geologists, and a man of whc 
- land may well be proud ; nor need I s.iy how i 
pleasure and instruction I owe to the rich and eloqaent 1 
writings of Professor Nichol. But, like Job's young 
&iend, I too must take the liberty of showing forth mj 
opinion, and of giving expression to a conviction, on 
grounds of which my audience must judge, that both Sir 
Charles and the Professor have suffered the reaction ware 
to carry them too far. 

Mr. Ciiarles M'Laren, in a popular digest of Mr. Hop- 
iins's deductions, which first appeared, if I remembec 
aright, in the "Scotsman" newspaper, and then in "Jam* 
son's Philosophical Journal," referred, with his chamcWr- 
istic caution, to the narrowness of the base on which tli<| 
rested. "Mr. Hopkins's conclusion, no doubt, restst" i 
BMd, "on a narrow enough basis. It is somewhat like-^ 
estim.ite of the distance of the stars deduced froDi a d 
eneo of one or two seconds in their apparent posidotl)'^ 
a diffei-ence scarcely distinguish able from errors of ■<>(• 



Nation." Let ns, however, WMve the doubt implied in this 
temark, however important we may deem it, and grant, 
r the argument's sake, that the base is aufflciently broad 
r the anperstructure erected upon it. Let us freely grant, 
ter first availing ourselves of Mi'. M'Laren's protest, and 
placing it oa record, that that equatorial ring, thirteen 
n thickness, which, by disturbing the balance of tlie 
jarth, is the cause of the phenomena of Precession and 
JTutation, must be attached to a consolidated crust of at 
;houBand mUes in thickness, in order to account for 
Sie extreme slownesa of the peculiar movement which it 
idnces. But let us then inquire how it happens that this 
iquatorial ring at all exists. If our earth was always the 
itiS*, rigid, unyielding mass that it is now, — a huge metal- 
G baU, bearing, like the rusty ball of a cannon, its crust of 
bxide, — how comes it that its form bo entirely bcHes its 
history ? Its form tells that it also, like the cannon ball, 
s once in a viscid state, and that its diurnal motion on 
s axis, when in this state of viscidity, elongated it, through 
ihe operation of a well-known law, at the equator, and 
[attened it at the poles, and made it altogether the oblate 
raid which all experience demonstrates it to be. It 
may be urged, however, that this form of our planet, which 
t to speak so unequivocally of law, may, after all, be 
&at accident. If so, it must be singular. What say the 
'Other planets ? Of these, the form of three may be at least 
spproximately, and that of one exactly, ascertained. Ve- 
ins, Mara, Saturn, are all, like our earth, oblate spheroids, 
lattened at their poles, and elongated at their equators, 
%eir substance must have been spun out by theirrotatory 
Botion in exactly the line in which, as iu the earth, that 
lotion is greatest. But while we can only approximately 
ptermine the values of the equatorial and polar diameters 
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of these three planeta, in one great, planet, Jupiter, we 
ascertain them scarce Icsa exactly than in our own ea' 
— we can gauge, and measure, and fix the proportii 
which hi$ equatorial ring bears to his general mass. "V 
a diameter about eleven times iai'ger than that of 
planet, and rotating on Ilia axis in less than halftUe tl\ 
the motion of the suiface at his equator must be more tl 
twenty times greater than that of the earth's cquatoi 
surface, and his equatorial ring ought, even in propoi 
to his huge bulk, to be more than twenty times as 
And what is the fact? While the thickness of the equi 
rial ring of the earth is only equal to about one three-hi 
dredth part of the earth's diameter, the equatorial 
Jupiter is equal to abont the one fourteenth or fUleei 
part of his diameter. It is, as the integrity of the 
demands, more than twenty times greater in proportion 
his mass than the earth's equatorial ring, and absolul 
more than two thousand times greater. Here, then, 
demonstration that the oblate sphericity of the earth 
consequence of the earth's dinrnal motion on its axis ; Jits' 
is it possible that it could have received this form when in 
a solid state. A glass ball made to revolve on a spindle, 
when in a state of viscidity, elongates cquatorially, and 
flattens at its poles ; but, if allowed to cool in its origin»l 
form as a sphere, it retains its perfect sphericity without 
change, let us whirl it as rapidly as we may : and no mo- 
chanic ever dreams of increasing the dist of a grindstone 
simply by turning it round. The earth, then, when it 
assumed its present form, conld not have been a solidified 
mass, like the glass sphere when cooled down, or lite tlw 
gi-indstone. 

But is it not possible, it may be asked, that the diumll 
moUon may so act on the depositions taking place in the 
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I, and forming sedimentary rock, or on a region of igne- 
pus action interposed between the oxiiiized crust of tha 
b and ita solid metallic nuclens, and forming plutonic 
irigncoua rock — is it not possible that, in the course of 
(■aatly-estended periods, the earth may have taken its form 
Biider the influence of the motion exerted on sedimentary 
deposition and plutonic intrusion and upheaval ? Nay, 
what, we ask in reply, are the facts? Does the diumal 
notion exercise any influence, even the slightest, on dopo- 
flition or plutonic intrusion? The laws of deposition are 
few, simple, and well known. The denuding and trans- 
■pOTting agencies are floods, tides, waves, icebergs. The 
El has ita currents, the land its rivers ; but while some of 
e flow from the poles towards the equator, others flow 
rom the equator towards the poles, nninflnenced by the 
rotatory motion ; and the vast depth nod extent of the 
(qnatoiial seas, show that the ratio of deposition is not 
jreater in them than in the seas of the temperate regions, 
ffe have, indeed, in the arctic and antarctic currents, and 
Ibe icebergs which they bear, agents of denudation and 
msport permanent in the present state of things, which 
5 detrital matter from the Iiigher towards the lower 
tdes ; but they stop far short of the tropics ; they have 
» connection with the rotatory motion ; and their influ- 
loe on the form of the earth must be infinitely slight ; 
i»y, even were the case otherwise, instead of tending to 
e formation of an equatorial ring, they would lead to the 
iduction of two rings widely distinct irom the equator. 
jld, judging from what appears, we must hold that the 
ma of piutonie intrusion or upheaval, though more ob- 
cnre th.in those of deposition, operate quite as independ- 
Btlyof the earth's rotatory motion. Were the case other- 
I, the mountain systems of the world, and all the great 
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coTitinents, wonid be clustered at the eqnator; and 
great lands and gi'eat oceans of our planet, instead of 
ning, aa they do, in so remarkable a manner, from sooth 
north, would range, like the belts of Jnpiter, from e 
west. There is no escape for ua from the inevitabli 
elusion that our globe received its form aa an oblate sphe- 
roid at a time when it existed throughout aa a viscid mass. 
Nor is it unworthy of remark, that tlie same arrangement 
through which a fluid earth was moulded into this shape 
under the impulsion of the rotatory motion, also secnred 
that when that earth came to be covered by a fluid sea, 
placed under the same impulsive influence, it should eliny 
to it equably, like a well-fitted cloak, without falling ofl" to 
the poles on the one hand, or accumulating in a belt round 
the equator at tlie other. 

But time fails, and I cannot'follow up this subject to id 
legitimate conclusions. Allow me, therefore, simply W 
state, that I must continue to hold, with Humboldt and 
with Hutton, with Playfair and with Hall, that this solid 
earth was at one time, from the centre to the circumfer- 
ence, a mass of molten matter. Let na remember— I 
employ here the words of Humboldt — that the great 
chemist Sir Humphrey Davy, to whom we are indebted 
for the knowledge of the most combustible metallic sub- 
stances, renounced his bold chemical hypothesis in his last 
work ("Consolations of Travel"), as "inadequate and no- 
tenable;" and further, that, with the oblate sphericity of 
the earth and the planets to be accounted for, those who 
continue to hold what he rejected, will be reduced, if ihcjf 
persist, to the un philosophical necessity of regarding as t 
consequence of miracle, a peculiarity of shape easily M- 
plainablc on the principles of known law, 

Now, the fact of a molten earth involves a long aeries of 



wnditions, each different from all tho others, and from the 
sonditions of the present time. It invoives the existence 
if a period in the history of our planet when life, animal or 
regetable, was not, and of a sncceediiig period, when life 
iegan to be. It involves, too, the ripening of the earth, 
n ages in whioh its surface was a thin, earth quake-sha- 
L cmst, subject to continual sinkings, and to fiery out- 
inrsts of the plutonic matter, to ages in which it is the 
y nature of its noblest inhabitant to calculate on its 
Lability as the surest and most certain of all things. It 
QTolves, in short, those successive conditions of life in the 

iologic ages, which, in connection with what is now Scot- 
BDd, I have, I am afraid, all too inadequately attempted to 

t before you in my present course. In fine, the primary 

icks, when they underlie to a great thickness, as in our 

vn country, tho Palroozoic deposits, I regard as the de- 
wsita of a period in which the earth's cmat had sufficiently 

loled down to permit the existence of a sea, with tho 
leccssary denuding " agencies, — waves and currents, — 
tnd, in consequence, of deposition also ; but in which the 
Btemal heat acted so near the surface, tliat whatever was 
leposited came, as a matter of course, to be metamorphosed 
Dto semi-plutonic forma, that retained only the stratifioa- 
ion. I dare not speak of the scenery of tho period. We 
wy imagine, however, a dark atmosphere of steam and 
lapor, which for age after age conceals the face of the sun, 
iad through which the light of moon or star never pene- 
nttes; oceans of thermal water, heated in a thousand cen- 
res to the boiling point; low, half-molten islands, dhn 

rough the fog, and scarce more fixed than the waves 
^emselves, thai heave and tremble under the impulsions 

f the igneous agencies; roaring geysers, that ever and 
I throw up their intermittent jets of boiling fluid, 
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por, and. thick steam, from these tremwlous lands; anil, ii 
the dim outskirts of the scene, the red gleam of fire, sliot 
forth from yawning cracks and deep chasms, and that bears 
aloft fragments of molten rock and clouda of ashes. But 
shonld we continue to linger amid a scene bo featureless 
and wild, or venture adown some yawning opening into 
the abyss beneath, where all is fiery and yet dark,^ a soli- 
tary hell, without suffering or sin, — we would do well to 
commit oureelvea to the guidance of a living poet of true 
fiiculty, — Thomas Aird, — and see with bis eyes, and 
describe in his verse ; 

" Tho nwful waJb of shadowB round miglit dashj mountains Eeem, 
But never holy ligbt haCb touched aa outline with its gleam ; 
T is liat ttiD eye's bewildered sense that fain would rest on form. 
And make nigbt's thick blind presence to ereated shapes confbrm. 
No stone is moved oa mountain here by creeping creature crossed. 
No lonely harper eoiues to hatp upon this fiery const; 
Here all Is solemn idleness; tto music here, no Jars, 
Whefe silence guards the coast ere (luill her everlasting bars ; 
Bo euu here EbincB on wanton isles; but o'er the burning shcec 
X rim of restless halo shakes, which marks the iutemal heat ; 
As in the days of beauteous earth wo see, with daziled Eight, 
The red and setting son o'crdow with dugs of welling light." 



NOTE. 

cr detMlffd in the brick-elny eF SeMlfind ocenmd tn 
lood of St. Andrew's, of ippucDtly the nune ags ■■ tl 

UcKac &cmd, pag' lOB- 

HoTB. — Sone time atler tbls statement ws« made, Hr. Miller devoted biniM 
to a brlliEr luvesilgatlou of lh« briek-clsy beds in thi neEgbbarhnod of Foiti 
bello, and dlsaovered fieveml Ep«ies of sbells in fiiu, eapecially great kbundaEri 
of Ssntirufarin pipcrnta which he bos dcBCribcd in o paper on the brlck-olayi, I 
be puhllshEd hereafter. They form a very inleresling portion of hi« Uufcun 
now in ibc Dalversity of Edinburgh. "Bot for him," eaid an aecomiiliriM 
geologiat, in talking with me on ll>e subject, " w« would bare known 
' of the briDk-olayi."— L. U. 
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G-EOLOGIST'S PORTFOLIO. 



TsE scales of the gEtnoid order consist of three plates, 

-an inner, an outer, and an intervening one. The outer 

ifl composed mainly of enamel, and I'etains, when entire, 

however long exposed, much of the original dinginess of 

hue which it bore in the quarry. The inner is a plane of 

porcelanie-Iooking bone. The intermediate plate is finely 

composed of concentric lines, crossed from the centre to 

le circumference by finely radiating ones; and when, as 

lostly happens, this middle plate is exposed, the appear- 

ice of a mass of scales through the glass is of great 

aanty. The rays of our soft-finned fish, (Malacopterygii), 

lob as the haddock, seem as if cut through at minute dis- 

icea, and then reunited, though less firmly than where 

le bone is entire, with the design, it would seem, of giv- 

ig to the organs of motion which they compose, the neo- 

«Ty flexibihty, somewhat on the principle that a carpen- 

^ cuts halfthrough with his saw the piece of moulding 

wnioh he intends bending along some rounded corner, or 

'Wing into some concave. But in the ancient ganoid 
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fiah, in whicb the raya are bare enamelled bones, and ne 
esaarily of great rigidity, the joints appear real, not fict 
tious. We see them cut across into short lengths, a 
fin conMSling of many hundred pieces ; and the proble 
lay in conccii-ing how euch a fin was to be wrought, - 
whether, for instance, each detached length was to ha? 
its moving Ugament; and if so, how a piece of machine) 
so very complicated and multifarious was to be set ai 
kept in motion. Here, however, I found the problem tm 
simply resolved. The rays of the ganoid fish, like i 
scales, consist of three plates, — two plates of enamel, oi 
on each side, and an interior plate of bone. Now Ul 
joints, — though so well marked, that in rays imbricatei 
on the sides, as in those of the Cheirolepis, the imbricalrf 
markings tnm the corners, if one may so speak, just as till 
carvings on a moulding recounter, as a workman wop!4 
say, at the comers of a building, — are not real joints aft* 
all : they reach but through the inflexible enamel, leavinf 
the central plate of bone undivided. Like the rays of th* 
Malacopterygii, they are formed on the principle of tlrt 
half-sawn moulding. I observed, loo, that the inner p!»W 
is in every instance considerably narrower than the plat" 
of enamel which rest upon it. In the lateral eilges of 
every ray which composes the inner portion of the ft* 
there must exist a groove, therefore ; and in this grcova^ 
it is probable, the connecting membrane at one time l*f 
bid, performing, like an invisible hinge, its work unseen. 

EECEKT BOSE-BED DJ THE FOEMISG. 

I oxcE found an interesting illustration of the IxHi 
bed, coupled with at least one of tlie causes to which 
owes its origin, in the upper part of the Moray Frith. 






I been spending a night at the heiring-fisbing, on one 
' the most famous fishing-banks of the east const of Scol- 
md, — the bank of Gnilliam. It ia a long, flat i-idge of 
ook that rises to within ten or twelve fathoms of the eur- 
On its southern edge there ia a submarine valley 
Ithat sinks to at least twice that depth ; and in the course 
f the night our boat drifted fi'om ofll' the rocky ridge, the 
baunt of the bemngs, to the deepest pait of the vailey, 
where scarce a herring ia ever found. Oar nets had, how- 
pver, broaght fish with them from the fishing-gi-ound, suf- 
tcient in quantity to sink them to the bottom of the hol- 
and m raising them up, — a work of some little 
ffertion, — we found them bedaubed with patchea of a 
itinking, adhesive mud, that, where partially washed on 
(he surface, seemed literally bristling over with miuiite 
Seh-bones. The muddy bottom of the valley may be 
led as a sort of submarine burial-ground, — an ex- 
ienaive bone-bed in the forming. " What," we asked an 
nteUigcnt old fisherman, "brings the fish here to die? 
yon observed bones here before?" "I have observed 
Jiem often," he said: "we catch few herrings here; but 
I winter and Bpring, when the cold draws the fish from 
r the shallows into deep water, we catch a great many 
iddook and cod in it, and bring up on our lines lat^ 
tunps of the foul bottom. In spring, when most of the 
mall fish are sickly and out of season, and too weak to lie 
: the shore, where the water is rough and cold, they 
ike shelter in the deep here, in shoals ; and thousands of 
hem, as the bones testify, die in the mud, not because 
hey come to die in it, but just because their sickly season 
I also their dying season." And such seemed to be the 
rue secret of the accumulation. The fish resorted to this 
e of shelter, not in order that they might die, but that 
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they might live; just as people go to poor-honses nni 
hoepitala witb a similar intention, and yet die in tlicm, ai 
times, notwithstanding. And hence, I doubt not, in e 
instnores those aceumulationa of fish-bones whicli i 
accHStomed to the use of the trawl-net find in detached 
spots of bottom, when in other parts, not less frequented 
by fish in the milder seasons, not a single bone is to be 
found, and which bave been described aa dying places. 
The dying places, — the deep hnrial-gronnds of the sea'a 
finny iuhabitants, — will be found, almost always, to pi-ovfl 
tlicir places of shelter. And hence, it is probable, i 
of the bone-beds of the geologist. 



Let the reader imagine a fish delicately carved in ivort 
and then crusted with a smooth shining enamel, not let 
bard thau that which covers the human teeth, but thickS 
dotted with minute puncturings, aa if stippled ail ovM 
with the point of a fine needle; — let liim imas^ne t 
enamelled rays lying so thickly in the fins, that i 
necting membrane appears, and that each individual r 
consists of numerous pseudo -joints, so rounded at theS 
terminations, that each joint seems a small oblong s 
or each ray, rather, a string of oval beads; — in due hn^ ^ 
mony with the rounded joints, let him. imagine the seal ^"' 
of a circular form, and bo regularly laid on, that the niL^W' 
ranges along them in three different ways, — from head '< 

tail, parallel to the deeply-marked lateral line, and in sia» "t 
angles across the body ; — iipmediately under the g^ I!- 
covers, which consist, as in the sturgeon, of but a sin^^'/t' 
plate a-piece, let him imagine two strong pectoral fina of 
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an angular form, with an interior angle in each covercl 
■with small scales, and the raya, au in the case of the tail, 
forming but a fringe around it ; — let him imagine the ven- 
tral fins, which he far adown the body, of an exactly simi- 
lar pattern, — angular projections covered with scales in 
^e centre, and fringed on two of tlieir edges with raya ; 
exactly opposite to these, let there occur an anterior 
'dorsal fin of comparatively small size, and then exactly 
Wppoaite to the anal fin a posterior dorsal of at least twice 
itiie size of the other ; — let the anal fln be also large and 
Bweeping, extending for a considerable way under the tidl, 
which must lite the tails of all the more ancient fish, be 
fonned mainly on the nndcr side, the vertebral column 
a-anning ou to its termination; — and the fish so formed 
3»riil be a fair representation of the ancient Diptei'us. Pre- 
tenting externally in its original state no fragment of 
(kin or membrane, and with even its moat flexible organs 
Iheathed in enamelled bone, it must have very much re- 
lembled a flsh carved in ivory. What chiefly struck me 
H the examination was the peculiar structure of the ven- 
fins, — the hind paws of tho creature, if I may so 
peak. Their internal angle of scales imparts to them an 
ppearance of very considerable strength, — such an ap- 
earance as that presented by the hind fina of the lohthy- 
aaunis, which, as shown by a lately-discovered specimen, 
rere furnished on the outer edges with a fiinge of cartila- 
lus rays ; and I deemed it interestbg thus to mark the 
le fish approximating in structure, ere the reptilia yet 
dated, to the reptile type. The young frog, when in its 
ansition state, gets its legs fully developed, and yet for 
ime little time thereafter retains its tail. The Diptcnis 
teme to have been a fish formed on this sort of transition 



FOSSIL-WOOD OF THE OOLITE AT VELXBDALE, SCTHEKLAXD 

WLat first strikes tlie observer in the appearance of ti 
fosMl-wood of this coast is the great distinctoesa wH 
which the annual layers are marked. The harder Hoes ( 
tissue, formed in the end of autumn, stand oat i 
tinctly on the weathered suriaces as we see them in piew 
of dressed deal that have been exposed for a seriea o 
years to the hght and the air. The winters of the Ootiti 
period in this northern locality most have been sufficienll 
severe to have given a thorough check to vegetation. Wi 
are next struck by the great inequaLty of size in thert 
layers, as we find them shown in separate specimens. ^ 
brought with me one specimen in which there is a sti^ 
layer nearly half an inch In breadth, and another ii 
in no greater space, there occur fourteen different lays 
The tree to which the one belonged must have been inf 
creasing in bulk fourteen times more rapidly than that rf 
the other. Occasionally, too, we find very considerabli 
diversities of size in the layers of the same specimen. 
One year added to its bulk nearly half an inch ; in another 
it increa'Sed scai-co an eighth part. Then, as now, lie 
must have been genial seasons, in which there luxuriab 
a rich-leaved vegetation, and other seasons of a s 
cast, in which vegetation languished. Hy microscope,! 
botanist's, was of no great power; but by using its thw 
glasses together, and carefully grinding down small patdM 
of the weathered wood till it began to darken, I could « 
certain with certainty, from the stnicture of the cellnll 
tissue, what, indeed, seemed sufficiently apparent to iJ 
naked eye from the general appearance of the spednm 
that they all belonged to the coniferffl. When vieV4 
longitudLnatly, I could discern the elongated cells lyi 
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ride by side, and iLe mednllary rays strutcliing at rigbt 
•ngles across; but my glass lacked power to show the 
^ndular dots. Wlien viewed transversely the regularly 
Setiaalated testiire of the conifcne wiia reiy npparent. A 
bluish-gray limestone adhered to some of the specimens, 
and bore evidence in the same traek. It abounded in 
I and fl-aginents of cones, in what seemed minute 
needle- shaped leaves, and in thin detached pieces of bark, 
like those which fall off in scales from the rind of bo 
many of the conifera;. The limestone boie also its fre- 
quent fragments of fern. There seemed nothing lacking 
to restore the picture. There rose before me a. solemn 
■Ibrest of pines, deep, sbaggy, and sombre; its opening 
lopes and withdrawing vistas were cheered by the lighter 
I of the bracken ; and far beyond, where the ooaat 
minatod, and the feathery tree-tops were relieved againat 
the dark blue of the sea, a long line of eurf tumbled incea- 
aiitly over a continuous reef of coral. 

I picked up one very fine specimen, which, though it 
ireighed nearly a bnndrcd weight, I resolved on getting 
krnnspoi'ted to Edinburgh, and which now lies on the floor 
"are me. It is a transverae cut of a portion of a large 
i, including the pith, and measures twenty-three inches 
tcross. In the sections of trees, figured by Mr. WitUara 
1 hia interesting and valuable work, the original Etnic- 
ire seems much disorganized : a gi-anular radiating spar 
mpies the greater portion of the interior; and the tissue 
sfoand to exist in but detached portions. Here, on the 
jpontrsiy, the tissue exists unbroken from the pith to the 
Wter ring. We may see one annual circle succeeding 
notber in the average proportion of about ten per inch ; 
though we cannot reckon them continuously, for 
fj^» darker shades in which they disappear, — , 



wbich the polisher of the marble-cutter may yet 8UC( 
in (Uasipating, — the number of the whole must ratb 
exceed than £ill short of a hundred. However obaoi 
the geolo^Bt may be in hU eras generally, here at least 
the record of one centnry. But how were its years fiUei 
I sat beside the root of a newly-felled fir some six or eigl 
seasons ago, and amused myself, when the severed vc 
were throwing up their turpentine in minute transpi 
globules, in reckoning the years by the rings, from t 
hark inward. Here, I said, is the year in which thi 
form Bill passed ; and this the year in which Cannil 
died; and tbia the year of the great commercial crisis; ai 
this the year of Waterloo ; and this of the burning 
Moscow. The yearly rings of the Oolite have no so 
indices of recollection attached to them: we see thi 
record in the marble, but know no more of conteinpi 
history than that, when forests showed their fiinges 
lighter gi-cen on the hill-aides, and cell and fibre swell 
under the rind, the promptings of instinct were busy 
around and beneath, — tliat the pearly ammonite T»t 
its tiny sails to the breeze, as the belemnite, with 
many arms, shot past below, — that nameless birds 
■with flying reptiles, — and that, while tbe fierce crocoi 
watched in his pool for prey, the gigantic iguano) 
stretched bis long length of eighty feet in the sand. ] 
who shall reveal the higher history of tbe time? ' 
reign of war and of death had commenced long 
and who shall assert that moral evil had not long l* 
cast its blighting shadows over the universe, — that t 
had not been that war in heaven in which the unorc 
angel hail overthrown the di-^on, — or that unhappy i 
ligences did not wander, "seeking rest, but findingm 
in an earth of " waste places," whose fiiture soyereign 
lay hid in the deep purposes of Eternity? 



ASTKEA OF THE OOLITE, SOTQEELAKD, 

The same deposit in -which I found the wood embed- 
ded, contains large masses of coral, all apparently of one 
epeclos, — not a briinchlng coral, but of the kind which 
consists of lai^e stoneJike masses covered on the surface 
with stellular impressions, framed in polygons, and which 
composes the genus Astrea. I picked up one very fine 
specimen, which I have since got cat through and pol- 
ished. It presents a polygonal partitioning, of a delicate 
cream-coior, that somewhat resembles the cells of a honey- 
comb. Each cell is filled with a brownish ground of car- 
bonate of lime ; and on this ground of brown there is a 
eream-colored star, composed of rays that proceed from 
the centre to the sides. One of these corals measured 
two feet and a. half across in one direction, by two feet in 
another; and if it grew as slowly as some of its order in 
Oie present scene of things, its living existence must have 
retched over a term of not less extent than that of its 
ontemporary, the pine of the hundred rings. Some of 
he masses seem as if still adhering to the rocks on which 
(ley originally grew; the pentagonal cells are still open, 
I if the inhabitants died but yesterday ; and the star-like 
I inside still retain their original character of thin par- 
ons, radiating outwards and upwards from a depressed 
. In other instances they have been torn from their 
, and lie upturned in the shale, amid broken shells 
aA fragments of wood. I brought with mo one curious 
aen perforated by an ancient pholas. The cavity 
lactly resembles those cavities of the existing Lithodo- 
i ehell which fretted so many of the calcareous masses 
bat lay scattered on the beach on every side ; but it 
bnt firmly up by the indurated shale in which the 



Uk IL IH . 

B Sped- ^J 




DBBOaiPXIVE 

1 itself liad liiin buried, and a fragment of carbonizi 
wood lies embedded in the entrance. The t 
Uined across by a wall of ma£ODry, immensely moi 
ancient than that which converted into a prison the c 
of the Seven Sleepers. 

KECENT TTPES OF FOSSILS. 

An imagination cnrioua to reerect and restore, finds 
assistance of no uninteresting kind among the pools and 
beneath the bnnches of sea-weed which we find scatlereii, 
at the fall of the tide, over the surface of the Navidale 
deposits. One very minnte pool of sea-water, scarcrfy 
thrice the size of a common washing basin, and scarcely 
half a foot in depth, furnished me with the recent types 
of well nigh all the fossils that lay embedded for severiil 
feet around it ; though there were few places in the bcil 
where these lay more thickly. Three beautiful sea ane- 
mones — two of crimson, and the third of a greenisli-biiff 
color — stretched out their sentient petals along the siilMl 
and the minute currents around them showed that tiief 
were all employed in their proper trade of winnowing t!n 
water for its animalcular contents, — working that t^^J M 
might live. One of the three had fixed its crimson IW 
on the white surface of a fossil coral; the pentagonal oaVi*.! 
itiea, ont of each of which a creature of resembling fortJ* 
had once stretched its ahm body and still minuter petal** 
to agitate the water with similar currents, were lying opc** 
around it. In another coiTier of the pool a sea-urclim wi»* 
slowly dragging himself up the slope, with all liia tb*^ 
fleshy halsers that could be brought to bear, and nil li* 
nearer handspikes hard strained in the work. His prc^^^ 
gress resembled that of the famous Russian boulder, trim ^' 



portcl for so many miles to make a pcdest'il for tbo stiitue 
■of Peter the Great; vhh thia difference, however, that 
liere it was the boulder itself that was plying the hand- 
ipikes and tightening the ropes. And, lo ! from the 
plane over which he moved there projected the remains 
of creatures of similar type; — the rock was strewed with 
fossil handspikes, greater is bulk than his, and somewhat 
diverse in form, but whose general identity of character 
it was impossible to mistake. The spines of echini, fret- 
ted with lines of projections somewhat in the style of the 
pinnactes of a Gothic building, lie as thickly in this de- 
posit as in any deposit of the Chalk itself. The pool had 
its zoSphytes of the arborescent form, — the rock its flna- 
, the pool had its cluster of minute muscles, — the 
frock its scallops and ostrea ; the pool had its buccinidse, — 
e rock its numerous whorls of some nameless turreted 
ell ; the pool had its cluster of serpulse; the serpulse lay 
thick in the rock, as to compose, in some layers, oo 
ai considerable proportion of its substance. 

laOKA COAL-FIELD OTHEB THAN TUE TSUE COAL MElASUHEa. 

A coal-field in other than the true Coal Measures is 
(ways an object of peculiar interest to the geologist ; and 
le coal-field of Brora is, in at least one respect, one of 
le most remarkable of these with which geologists are 
'et acquainted. The seams of the well-known Bovey 
of South Devon — a lignite of the Tertiary — are 
[eacribed as of greater depth ; but it bums so Imperfectly, 
id emits so offensive an odor, that, though used by some 
if the poorer cottagers in the neighborhood, and some of 
le local potteries, it never became, nor can be<ioiae,Mi. 
[e o£ commerce. It is carious merely as aa \mttte,wi» 
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accumalation of vegetnblo matter paGaing into th« miner 
stnte,— as, ehall I venture to sny, !l ^ort of hnlf-inineralizi 
peat of the Tertiary, — a jieat moss that, instead of o 
lying, underlies the diluvium. In the Brora coal, : 

be inferred from its much greater age, the process i 
mineralization is more complete; and it furnishes, if 1 1 
mistake not, the only instance in which a coal newer thas ' 
that of the carboniferous era bos been wrought for cen- 
turies, and made an arLicle of trade. There were pits 
opened at Brora as early as the year 1598: they were 
reijpened at various intermediate periods in the seven- 
teenth and eighteenth centuries ; on one occasion in ibe 
middle part of the latter, by Williams, the author of a 
" Natural History of the Mineral Kingdom," which hi 
Iseen characterized by Lyell as " a work of great merit for 
its day;" and during twelve years of the present centnrj', 
from 1814 to 1826, there were extracted from but a sinjla 
pit in Ibis field no fewer than seventy thoi 
coal. The Oolitic coal-field of Sutherland stands ontia J 
prominent relief amid the ligneous deposits that derivaj 
their origin from the later geological floras. And yet iU9 
commercial history does not serve to Bhow that the BpWS*^ 
lations of the miner may be safely pursued in connecdon 
with any other than th.it one wonderful flora which bw 
done so mucb more for man, with its coal and its iroDi I 
than all the gold mines of the world. The Brora worit- 1 
ings were at no time more than barely remunerativo; an* | 
the fact that they were often opened to be as often abaff" | 
doned, shows that they must have occasionally fillwj 
somewhat below even this low line. Latterly, at lea*^ J 
it was rattier the deficient quality of the coal that ia«*i^ 
tated against the speculation, than any deficiency in tl 
quantity found. It burned freely, and threw out a [W 



*rful flame; but i£ was aceompiinicd by a peculiar odor, 

that seemed to tell rather of the vegetable of which it 

iiad been originally composed, than of tho mineral into 

■\t'hich it had been converted, and then sunk into a white 

Kg-ht ash, which every breath of air sent floating over 

■carpets and furniture. And so, when brought into compe- 

'tition, in our northern porta, with the coal of tho Mid- 

Xothian and English fields, it failed to take the market. 

The speculation of Williams was singularly unlucky. Ho 

lessee of the entire field about the year 1764, and 

Wrought it for nearly five years. There occurs near the 

centre of the main seam a band of pyritiferous concre- 

,tion3, which here, as elsewhere, have the quality of taking 

B spontaneously when exposed in heaps to air and moia- 

re, and which his miners had not been sufiiciently careflil 

excluding from the coal. A cargo which he had uhip- 

from Portsoy, in Banfishire, took fire in this way, in 

inseqttence, it has been said, of the vessel springing 

leak ; and such was the alarm excited among his cua- 

lers, that they declined dealing with him any longer 

a commodity so dangerous. And so, after an ineflfec- 

itmggle, he bad to relinquish his lease. 



LONDON MUSEUM OF ECONOMIC GEOLOGY. 

In the Museum of Economic Geology now in the conree 
' forming in London, there are specimens exhibited of 
)t only the vanoua rude materials of art, furnished by 
e mine and tho quarry, but also of what these can be 
overted into by tho chemist and the mechanic. Not 
ily does it show the gifts of the mineral kingdom to 
bnt the uses also to which man has applied them. 
;h and unpromishig block of marble stands 
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by side with the exquisitely polished and delicately-sculp- 
tured vase. The bracelet of glittering steel, scarcely of 
less value than if wrought in gold, ranges in striking con- 
trast with the earthy, umbry nodule of clay-ironstone. 
There are series of specimens, too, illustrative of the 
various changes which an earth or metal assumes in its 
progress through the workshop or the laboratory. Here, 
for instance, is the ironstone nodule, — there the roasted 
ore, — yonder the fused mass ; the wrought bar succeeds ; 
then comes the rudely-blocked ornament or implement; 
and, last of all, the exquisitely finished piece of work, n&i^ 
we find it in the cutler's warehouse or the jeweller's shop. 

I 

I am not aware whether the museum also exhibits it^^ 
sets of specimens illustrative of substances, elaborated, nc^t 
by man, but by nature herself; and elaborated, if one mSLjr 
so speak, on the principle of serial processes and succeed- 
ing stages. The arrangement in many cases would have 
to proceed, no doubt, on a basis of hypothesis ; but the 
cases would also be many in which the hypothesis would, 
at least, not seem a forced one. It was suggested to me 
on the Brora coal-field, that the process through which 
nature makes coal might be strikingly illustrated in this 
style. One might almost venture to begin one's serial col- 
lection with a well-selected piece of fresh peat, containing 
its fragments of wood, its few blackened reeds, its fern- 
stalks, and its club-mosses. Another specimen of more 
solid homogeneous structure, and darker hue, cut from the 
bottom of some deep morass, might be placed second in 
the series. Then might come a first specimen of Bovey 
coal, taken from under its eight or ten feet of Tertiary 
clay, — a specimen of light and friable texture, and that 
exJiibited more of its original and vegetable qualities than 
of its acquired inmeToX owea, k. ^^c,wA ^^^dnien^ bronght 
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from a deeper bed of the same deposit, might bo clioaen 
by the darker brown of itii color, and ita nearer approxi- 
matioD to tlie structure of pit-coal. The Oolitic coal of 
the Brora or Yorkshu-e field might furuish at least two 
apecimena more. And thus the collector might paes on, 
by eaay gradations, to the true Coal Measures, and down 
through these to the deeply-seated anthracite of Ireland, 
or the stiil more deeply-seated anthracite of America, — 
not altogether so assured of his arrangement, perhaps, aa 
in dealing with the processes of the laboratory or the 
workshop, but at least tolerably sure that both chemists 
and naturalists would find fewer reasons to challenge than 
to confirm it. 

BRORA PEAT-UOSSES OF TIIE OOLITE. 



The Brora field, so various in its deposits, must have ex- 
Jted in many various states, — now covered by salt water, 
low by fresh, — now underlying some sluggish estuary, — 
(OW presenting, perchance, a superaqtieous surfixce, dark- 
ned by accumulations of vegetable matter, — and now, 
let down into the green depths of the sea. To real- 
K Bach a chatige as the last, one has but to cross the 
toray Frith at this point to the opposite land, and there 
se a peat-moss covered, during stream tides, by from two 
) three fathoms of water, and partially overlmd by a 
;ratnm of sea-sand, chai'gcd with its characteristic shells. 
S ia a small coal-bed, kneaded ont and laid by, though 
in its state of estremest unripeness, — a coal-bed in 
be raw material; and there are not a few such on the 
Oaatfl of both Britain and Ireland. Professor Fleming's 
IfiRoription of the submerged forests of the Friths of 
rorth and Tay must be familiar to many of my readers. 
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Tbey must have heard, too, through the far-known "Prit 
ciples" of Lyell, of the submerged furesls of Lancashlci 
"In passing over Mlack Sod Bay, in a cleai-, calm mora 
ing," says a late tourist Id Erris and Tjrawly, "I coul 
Bee, fathoms down, the roots of trees that seemed of tb 
same sort as are every day dng out of our bogs." Noi 
we do not know that tlie Oolite had properly its pea 
mosses. The climate, thougli its pines had their we! 
marked annual rings, seems, judging from its other pn 
dactions, to have been warmer than those in wiiich 
now accumulates ; but there can be no doubt that both 
and the true Coal Measures mast have had their va 
accumulalio/ta of veffetable matter, formed, in many i 
stancet, on the spot on which the vegetable matter grevt 
and no one surely need ask a better definition of a pea 
moss. A peat-moss, in the present state of things, is sin 
ply an accumulation of vegetable matter formed od tl 
spot on whicli it grew. These, as I have said, we fi 
qucntly find let down on our coasts far beneath the se 
level, and covered up by marine deposits; and the fa 
furnishes a tirst and important step in the proposed sen 
arrangement of coal in the forming. May I not fui 
add, that Professor Johnston, of Durham, so well knoi 
in the field of geological chemistry, regards all our co 
seams, whether of the Carboniferous period or of the C 
Utic, as mere beds of ancient peat, mineralized in the lal 
ratory of Nature ? 

QUAKEY OF ETiAAllEUBT UPPER OOLITE, SDTHEEL4ND. 

On entering the quarry lioUowed on the southern en 
nence, one is first struck by the ch.aracter of the brok 
masses of stone that lie scattered over the excavalioi 



POECTOUO. 

The rubbish aboimila in what seem frngineDts of a very 
exquisite sculpture. Tlic shells and lignilos, which it con- 
t£uns in vast numbers, exist as mere impressions iu the 
white sandstone, and look as if fresh from the chisel of a 
Thom or Forrest. But even these masters of their art 
"would confosa themselves outdone here in bennty of finish. 
Then' best works don't stand tlie microscope ; whereas the 
igs of the Upper Oolite hcrcj though ici sandstone, 
mightily improve under it. The cast of a broken fi-ag- 
meut of wood at present before me shows not only the 
markings of the annual rings, but also the microscopio 
Btriffl of the vegetable fibre, — a niceness of impression 
impossible in any sandstone that had not what the sand- 
atones of this quarry have, — a lai'ge mixture of calcare- 
ous cement, I remember that, on my first introduction to 
the excavations of Braambmy, — for such ia the name of 
the quarry, — the vast amount of what seemed broken 
fBoulpturG in the rubbish reminded me of some of Ten- 
nant's singularly happy descriptions in his "Dingin down 
o' the Cathedral." They seemed niememorials of a time 
■mben, to the signal detriment of ecclesiastical architecture 
in Scotland, and all the good solid religion that springs 
jout of sandstone, 

" ilk tirlie-irirlio mamont bra, 
Tbat fand for ccntmies una mid a' 
Brankit on banker or on wa', 
Cnm tnmbliii tap o'er toil * * 
Wban in ilk kirk Iho angrj- folk 
Cflrr't wark, an arcb, an pillar broke." 

I had not a few other recollections of the quairy of 
Braambury. Nothing can be more interesting to the geol- 
pgist than its fossils, and nothing more annoying, at times, 
o the workman. Occurring often in the wrought stone, 
;fiey occasion sad gaps and deplorable breaches, where the 



plane sLon! J be smooth or the moukling sharp. I remei 
ber laying open, oa one occasion, a beautiful cast that hi 
once been a belcinnitc, but that had become a mere cavi 
in which a beleinnito might bo moulded, — for even tl 
solid fossil, that bo doggedly preserves its substance 
most other deposits, Is absorbed by the sandstone < 
Braambury. And greatly did I admire its peculiar sta 
of keeping. The smooth, cylindrical hollow was partition 
across by two atony diaphragms, thin as bits of drawin 
paper; for ere the iibsorbing-procesa had begun, the foa 
had been broken into three pieces by the euperincumbei 
weight, and the minute strips of sand which had filled \ 
the cracks had hanlcned into stone. The point was sba 
and smooth; a rectilinear convex ridge showed the pla 
of the abdominal groove ; a eone at the base, lined Iran 
Tersely, represented the chambered shell of the intcric 
There could not be a more interesting specimen for 
museum ; but, alas ! it occupied the polished plane of 
tombstone, just where the hicjacct should have been; wL 
though it symbolized the sentence wonderfully well, it wi 
a symbol which I feared few would succeed in interpretia 
I pointed it out to a brother workman, "Ah," said h 
" you have got one of these terrrible tangle-holes ; they' 
■the dash'dest things in all the quany." 

Many a curious thing besides does this quarry conti 
boles of trees, tliat look as if sculptured in the white san 
stone, with tlieir gnarled and twisted knots and furrowi 
rinds; striated reeds of the same brittle material, tb 
seem the fluted columns of architectural models ; cla 
mosses, with tboii" gracefully-disposed branches; ronndi 
Btcnis, scaled like the cones of the fir ; impressions of : 
brous, sword-sliaped leaves, that resemble tlie le.avea ( 
thfl iiTs ; and the casta of fragmentary masses of tii 



^eeply fi'ettcd by tbe involved and tortuous gnawings of 

jome marine worm. Sucli are a few of the sculptured 
Mpresentations of the flora of tho pciiod, — things more 
|delicate by a great deal than those carved flowers of Mel- 
e which we find desciibed with such jiictureaque effect 
5)y Sir Wiilter. Anfl its fauna wo bco represented quite as 
JBitereBtiDgJy as its flora. Its sculptured Pectens remind ua 

f those of a Grecian frieze ; a beautifully-ribbed Cardium 
5ias proved a still finer subject for the chisel ; its Gryphites 
jtaiid out in the boldest stylo of art. One very stiiking 

Ammonite (Amtnonife perarmatus) exhibits a double row 
of prominent cones, that run along the spicnl windings, 
%nd give to it the appearance of an Ionic volute Inge- 
juouBlyrusticated ; and another Ammonite, that takes its 
jtame from the quarry (Ammonite Uraamiurienais), pre- 
iSents on its smooth, broad surface, — for in form it resem- 
bles some of our recent nautili, — the gracefully-involved 
3ine3 of the internal partitioning, as sharp and distinct B8 
Sf traced on copper by tbe burin. Tlie traveller explores 
and examines, and finds the rude excavation on the hill- 
Bide converted into the studio of some wondeiful sculptor. 
I the quarry opened on the other eminence there are 

amilar appearances presented, but the atone is softer, and 

jhe impressions less sbaip. 

GLACIERS AND MORAIKES OF StTTHEltLAKD. 

Let us mark the abrupt and imposing character of tho 
They rise dark, lofty, and bare, and show — to em- 
»loy a graphic Highland pl^rase — their bones sticking 
ibroagh the skin. Tliey must have been well swept, 
pirely ; and as they are composed mainly of Old Red 
luicUtonfi conglomerate in this locality, — for wo have left 
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b«hiii(I US Ihc granitic hills of Naviclule and Loth, — the! 
Bwecpings, could wc but find tbcm, would have, doubtloa 
a well-marked character. And now let us tarn to appeal 
anccs of another kind. "We stand on the polished aut-nui 
of the ri>ck, with ita rectilinear grooves and scratches, a 
when we look upinards along the linea, see the moonta 
and the valley ; but what see we when we look downward 
along the lines? Something exceedingly carious indeed 
— double and triple ranges of miniature hills, composed o 
boulders and gravel, the veritable conglomerate sweeping 
of the mount £un -elopes and the valley, mixed with s 
ings of the more distant primary hills that rise behind 
There they lie, in lines that preserve such a rude parallel 
ism to the steep range from which they were ori^nallj 
scraped, aa the waves that rebound from a seaward barrid 
of cliff maintain to the line of the banior. Varying fron 
thirty to forty feet in height, and steep and pyramidal, i 
the cross section, aa roofs of houses, they run in contin- 
uous undulating lines of from a hundred yards to half ft 
mile in length. Three such tines, with their intervenini 
valleys, occur between the base of Braambury Hill and tl 
village of Brora, like inner, outer, and middle mounds or 
circumvallation in an ancient hill-fort. If one steadily 
rakes, with the edge of one's moist palm, the scattered 
crumbs on a polished tea-table, they form, of course, i 
irregalar lines, presenting in the transverse section | 
rudely angular form ; and in tlie dii-ection in which thd 
have been swept, the moisture fi-om tlie palm furrows tin 
mahogany with minute streaks of dimness. The illostn 
tion is one on the smallest scale possible. But if the 
be tolerably moist, the crumbs tolerably abundant, and tM 
polish of the mahogany brought brightly out, and i 
rake into rude parallelism in this way, line after line 



he front of some platter or bread-dish, upturned to repre- 
ignt the liue of Inlis, wc shall have provided oui'selvea with 
po very inadequate model of the phenomena of Braam- 
|}uiy. But what palm of inconceivable weight, breadth, 
md Htrength, could have been employed here in thus 
; the debris into linos of hills half a mile in length 
■ at least thirty feet in height, and in pressing into 
.smoothness, us it passed, the aspciities of the solid rocks 
below? The reader has already anticipated the reply. 
We have before us indications of an ancient glacier, the 
most unequivocal that are to be found, perhaps, anywhere 
ia the kingdom : there is not a condition or accompani- 
Jnent wanting. I have had my doubts regarding glacial 
tSgency in Scotland; but, after visiting this locality a 
twelvemonth ago, I found doubt impossible; and I would 
V fain recommend the skeptical to suspend their idti- 
)^ate decision on the point, until such time as they shall 
imve acquainted themselves with the grooved and polished 
Specks of Braambury, and the parallel moraines that stretch 

t around its base, 
i- 1 had lacked time, during my visit of the previous sea- 
Wo, to examine the moraines that lie in the opening of the 
valley higher up, and now set oot to explore them. The 
day bad become exceedingly pleasant. A few cottony- 
poking wreaths of mist still mottled the bills, and the sky 
(verhead was still laden with clouds ; but ever and anon 
L broke out in hasty glimpses, that went flashing 
^across the dark moors, now lighting up some bosky reoesa 
r abrupt clifi; now casting into strong prominence some 
Sasnlatcd moraine. The hollow between Braambury and 
tiie hills is occupied, as I have said, by an extensive mo- 
mSB, in which the inhabitants of the neighborhood dig 
' winter fuel, and which we find fi-etted, in oonse- 



qucnco, liy numerous rectilinear cavities, filled with an : 
water, and roughened and darkened on its drier Bwcllii 
with innumerable paraUelograma of peat. I passe 
opening in which there were no fewer than five gm 
short-stemmed fir-trees, laid bare. They lay clustered 
gother, as if uprooted and thrown down by some tremf 
doua hurricane, — presenting exactly such appearances 
I ha\'e seen in the woods of Cromarty after the hi 
of November 1830, when, in less than an hour, three the 
sand full-grown trees were blown down in one not vt 
extensive wood, and lay heaped on some of the more ex- 
posed eminences in groups of six and eight. A few hun- 
dred yards from the prostrate trees there rises, amid the 
morass, a solitary moraine. I could see its graTcIly ruoi 
extending downwards under tlie peat, which, in the slow 
course of ages, had accumulated around it, and found ibo 
conviction pressing upon me, that, many centuries ago, 
when the five prostrate pines were living denizens of tbe 
forest, and the moss which now enveloped them had Dot 
formed, this insulated hill must have raised its heatliy 
riilge over the trees, and borne the marks of an antiquity 
apparently not less remote than those which it bears no*. 
And then, long ere the hill itself had formed, the same re- 
mark must have applied, with at least eqiial force, to tbo 
Oolitic rock below. We see that, when overliud by the 
ponderous ice, it must have been exactly the same sort of 
hard, brittle sandstone it is at the present moment. M 
shown by the slim partitiooings that divide internally iu 
casts of Belemnites, it must have hardened ere its fossili 
were absoi-bed ; and, as shown by its polished and striated 
surfaces, its fossils must have been absorbed ere the gladtr 
slid over it. We see laid bare iu the lines of the striie, tU 
casta of Gryphites, Pectens, and Ttn-ebratula ; wo »■*( 



Slither, tLat the hoUowa which they fonnod were weak 
a the stone, and that the ice, breaking through, had 
crushed into them the minute fragments of which their 
roots had been composed ; and so infer, from the appear- 
nces, that the newer Oolite of Sutherland must have been 
8 firm a building-stone in the ages of the glaciers as it is 

lOW, 

As we approiJch the valley of the Brora, we see a long, 
well-marked moraine sweeping in a curved line along the 
'base of the hill that forms ita northem boundary of en- 
inoe, and are again reminded, by tlio general parallelism 
[rf moraine and hill, of the reversed wave thrown back from 
a barrier of rock. In the gorge of the valley, immediately 
Ibelow where the river expands into a fine wild lake, ws 
find the moraines very abundant, hut preserving no regu- 
larity of line. They exist aa a broken, cockling sea of 
-miniature hills ; and, to follow up the twice-used illnstra- 
^on, remind one of rebounding waves at the opening of a 
y bay, where the lines meet and cross, and break one 
mother into fragments. Like many of the other moraines 
if the Highlands, they were of mark enough to attract the 
botice of the old imaginative Celtre, who called them Tom- 
"Aont, and believed them to be haunts of the fairies, — dom- 
iciles whose enchanted places of entrance might be discov- 
ered on just one night of the year, but which no man, not 
>de8iron8 of becoming a denizen of fairyland, would dowell 
t*0 enter. The lake above is a fine, lonely sheet of water, 
^iHnged with birch, and overlooked by many if green, unin- 
^liabited spot, dimly barred by the plough. A range of 
tern, solemn -looking hills rise steep and precipitous on 
rither hand; while a single picturesque hill, with abrupt 
idea and a tabular summit, terminates the upward vista 
me six or eight miles away. I saw in one reedy bay a 
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whole community of water-lilies opening their broad whil 
petals and golden stamens to the light ; and, wishing I 
possess myself of one that grew nearer the shore than an 
of the others, and having no such companion as Cowpei 
dog Beau to bring it me, I cut a long switch of birch, ai 
strack shaiiily at the stem, that I might decapitate it, ai 
then steer it to land. But the blow, though repeated ai 
re-repeated, fed short; and I had drawn my last, when t 
there started from the bottom a splendid lily, two-thin 
developed, — a true Venus, that, rising from the watc 
looked up to the light, neck-deep, with the rest. The ag 
tation occasioned by the strokes had burst the calix, an 
true to its nature, up the prematurely-liberated flower hi 
sprung. The image which the incident furnished mingle 
curiously with my attempted restorations of the anciai 
state of the valley. The delicate lily, rising tcCtlie sorfai 
in its quiet, sheltered bay, during a bright glimpse of sn 
shine, formed an interesting point of contrast to wh 
seemed a vast foaming river of ice, that rose on the bt 
sides more than half their height, and swept downwari 
till where it terminated in the plain, in an abnipt morii 
precipice, that ploughed before it, in its iiTesistihle marc 
huge hills of gravel and stone. 

LEVEL STEPPES OF EUSSIA, AND THEOEV OF MORAI?XS. 

In the level steppes of Russia, where the traveller mi 
jouruey without seeing a hill for weeks together, the rod 
have their grooved and polished surfaces. And even ) 
localities where there are hills, the hills not unfreqnentf 
raerely add to the difficulty. The lofty top of Schohalliel 
for instance, is grooved and polished; and, pray, from whst 
neighboring eminence could the glacier have descended on 
it? Extreme, however, as the difficulties that environ the 



phenomena may seem, they have been manfully met by 
Agasaiz, and dealt with in a style in which only a man of 
genius could have dealt with anytliing. And if difficulties 
Btill attend Lis theory, there are at least other diffioultiea 
which it ingeniously obviates ; and it aeerns but right, at 
s, to give it generous entertainment and a fair 
tiial, until sueh time as it may be found untenable, or until 
It least something better turns up to set in its place. 
The fiat steppes of Russia have, I have said, their groov- 
s and polishings : they have also their moraine ; and so 
Buormous is the extent of the latter, that for week after 
nreek the traveller may find it stretching through the cen- 
tral wilds of the empire, on and on, without apparent ter- 
Aiination, by North Kovogorod towards Pinsk, as far as 
|}ie confines of Silesia. It exists as a broad belt of erratic 
UockB, mingled irith heaps of gravel, and resembles, from 
its linear continuity, the scattered remains of some such 
vast wall as that which protected of old the Chinese fron- 
ier from the Tailar. And here, says Agassiz, is the rao- 
^ne of a glacier that had for its centre no group of local 
inencos, no vanished Alps of the Frozen Ocean, but the 
)Iorth Pole itself. The ice of the Southern Pole advances 
IB Cir, Could we but reverse the conditions of the two 
joles, the northern icy barrier would extend to the English 
channel, and the whole British islands would lie enveloped 
n one vast glacial winding-sheet, that, overlying the snm- 
B of our hills, would furrow with its parallel strise even 
(he granitic top of Schehallien. 

A complete reversal of the conditions of the two poles 
tFould account, doubtless, for many of the phenomena 
-exisliiig in connection with the boulder-clay, which seem 
otherwise so inexplicable. But is tiie reversal itself poa- 
I^G? A Laplace or Lagrange could perhaps answer the 
28 '' 



326 DESCRIPTIVE SKETCHES FSOM 

question. This much, however, men of lower attainments 
may know, — that the meteorological condition of the 
two poles are very different, — the icy barrier advancing, 
in the case of the one, many degrees nearer the equator 
than it does in the case of the other ; that their astronom- 
ical condition is also very different, the sun being many 
millions of miles nearer tlie one in winter, and nearer the 
other in summer. It may be known, further, that these 
astronomical conditions are in a state of gradual change ; 
that, so far at least, as human observation extends, the 
change has been steadily progressing in one direction ; 
that, should it but continue, a time must inevitably arrive 
when their astronomical circumstances shall be wholly re- 
versed, — a time when the sun shall look down upon our 
northern hemisphere in aphelion in winter, and in perihe- 
lion in summer. True, we do not yet know that the me- 
teorological differences of the poles depend on their astro- 
nomical differences, or whether the gi'adual diminution in 
the eccentricity of the earth's orbit, which has been lessen- 
ing these latter differences ever since astronomers regis- 
tered their observations, may not be like the change in tlie 
ecliptic, — the result of mere oscillation, limited to a few 
degrees. 

Let us, however, conclude the case to be otherwise : let 
us deem the oscillations in the earth's orbit to be so great 
as to involve an alternate progress in the sun, between his 
two foci; let us further infer a dependence between his 
place in each and the meteorological condition of the 
poles. We stand, let us suppose, on the summit of a hill; 
but, as if an immense wedge had been thrust between onr 
feet and the soil, we rise to a higher elevation on an in- 
clined plane of ice, and look over a frozen continent, 
oil livened by no mndm^ ^LTxniBy o.^ >i)cifc ^^^ gjid houiK^ed 
by no shore. In the ^ot^a o^ OcAfit\^%^^ 



" The ice Is here ; tbe ice Is there ; 
Theiee-isallaroimd; 
II ccBtks, and growls, anil ro.ora, nnd bowls. 



E rammer; and the nan, in pei-thelion, looks down with 
Be glare on the rngged sorfuce. There ia a oeaseloss 
lush of streams that come leaping from the more exposed 
idgea, as tliey shrink and lessen in the heat, or patter from 
lie Biuilit pinnacIeB, like rain from the eaves of a roof in a 
tuindbr-shower. They disappear in cracks and fissures; 
ind we mny hear the sound, rising from where tbey break 
hemaelves, far beneath, in chill caverns and gloomy ro- 
, where, even at this season, at noon, the tempcra- 
e rises but little above the freezing-point, and sinks far 
wneath it every evening as the sun declines. The night 
itall scarce have come on when all these water-courecs 
Bhall be bound up by the frost, and the melted accumula- 
HonB which they precipitated into the fissures beneath 
j^&ll be converted into expansive wcilgcs of ice, under the 
e of which the whole ice-coutiiient shall be moving 
lowly onwarcia over the buried land. Milhons of milliona 
{ wedges shall ply their work during the night on every 
iqnare mile of surface, and the coming day shall prepare 
I millions of miltionfl more. There is thus a slow but 
idy motion induced towards the open space where the 
mge glacier terminates ; the rocks far below grind down 
nto a clayey paste, 'as the ponderous mass goes crushing 
I — deliberate, when at ita quickest, as the honr- 
lad of a lime-piece, — and vast fragments are borne away 
3m submerged peaks and precipices by the encliisping 
olid, just as ordinary streams bear along their fragments 
f rook and stone from the banks and ridgea ftt^S, ^a "mo*. 
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exposed to the sweep of their currents. All around, ac- 
cording to Milton, 

" A frozen continent 
Lies dark and wild, beat by perpetual stonns." 

Not a peak of our higher hills appears : all are enveloped 
in their cerements of cold and death. Even alonsr the 
flanks of the gigantic Alps, the groovings and polishings 
rise, says Agassiz, to an elevation of nine thousand feet ; 
and then, and not before, do we find the pinnacles that 
overlooked the scene standing up sharp and unworn. If 
we ask a varied prospect, we must remove from our pres- 
ent stand, to where Mont Blanc and his compeers raise 
their white summits over the line of the horizon, to gi\e 
earnest of a buried continent, or to where the smoke and 
fire of Hecla ascends amid the level from a dripping crater 
of ice. 

CEOMAETY. 

Cromarty, — my own especial manor, which I have so 
often beat over, but not yet half exhausted, — presents to 
the geologist one of the most interesting centres of explor- 
ation in Scotland. Does he wish thoroughly to study our 
Scotch Lias, Upper and Lower, with the Oolitic member 
which immediately overlies it? — then let him remove to 
Cromarty, and study it there. Is he splicitous to acquaint 
himself with the fossils of the Lower ^ Old Red Sandstone 
in tliat state of finest preservation in which the microscope 
finds most of beauty and finish in them? — then let him 
by all means settle at Cromarty. Is be wishful of know- 
ing much about the last elevated of our granitic hWl 

1 Now ascertained to bo Middle, 



langes, — a range newer, apparently, than many of our 
luth-eountry traps? — let him not hesitate to take lodg- 
ings at Cromaity. Is he curious regarding our boulder- 
iClay? — let him set himself carefully to examine the splen- 
iclid Bections which it presents in the neighborhood of 
Cromarty. Does he feel aught of interest in our raised 
beaches? — then let him come and live npon one at Cro- 
narty. Is he desirous of furnishing himself with a Ttey 
o the geology of the north of Scotland generally? — in 
K> place wUl he be able to possess himself of so complete 
i key as among the uptnmed strata of Cromarty. Had 
le to grope his way along a couree of discovery, he might 
ind the distilet yielding up its more interesting phenom- 
na but slowly. To know its Lias deposits thoroughly 
rould be a work of months, and to kuow its Old Red 
Bftndstone, a work of years; but with some intelligent 
guide to point out to him the localities to which his atten- 
jon shonld be directed, and all in them that lia^ been 
3one and observed already, he would find that much 
light be accomplished in the coarse of a single week, — 
SBpecially in the long calm days of July, when the mora 
exposed shores of the district, with all their insulated 
stacks and ledges, and all their deep-sea caves, may be 
explored by boat. 



We swept ownwards through the noble opening of 
the Cromarty Frith, and landed under the southern Sutor, 
On a piece of rocky bench, overhung by a gloomy semi- 
caroular range of precipices. The terminal points of the 
>^nge stand so far out into the sea, as to render inacces,- 



siblc, save by boat, or at the fall of eLI) in Btrpam tMoa 
tbe piece of creseent-sliaped beach wilhio. Kauli of U 
two promontories is occapied by a cave in which the si 

at flood stands some ten or twelve feet over the gravi 
bottom, and there are three other caves in the semicircl 
into which the tide has not entered since it fell back 
the old coast line. The larger and deeper of the thi 
caves in the scmicircnlar inflection is mainly that whi 
we had landed to explore. It i-unsa hundred and fil 
feet into the granitic rock, in the line of a fanlt that seei 
first to ha^e opened some eight or ten feet, and then, \eaa 
ing back, to have closed its sides atop, forming in this wi 
a long angidar hollow. It bas borne for centuries tl 
name of the Doo-col, i. e. Dove-cot, Cave, and has 
from time immemorial a haunt of pigeons. We appros 
the opening. Tbei'e is a rank vegetation B])ringing np 
front, where the precipice beetles over, and a Btuall stroi 
comes pattering in detached drops like those of a thundei 
shower; and we sec luxuriating under it, in vast abl 
dance, the hot, bitter, fleaby-leaved scun-y-grasa, of whii 
Cook made such large use, in his voyages, as an anU'Sco 
butio. The floor is damp and mouldy ; the green ro] 
sides, which rise some five-and twenty feet eie tliey dos 
are thickly furrowed by ridges of Bt dattite", that becon 
purer and whiter as wo retire from the light and the veg 
tative influences, and present in the deeper recesses of U 
oave the hue of statuary marble The last vegetable 
appeal's ia a ndnute delicate moss, about half an inch 
length, which slants outwai-ds to the light on the proi 
nence of the sides, and overlies myriads of similar 8pri 
of moss, long since converted into stone, hut which, fjul 
ful in death to the ruling law of their lives, still point, 
the olhei-s, to the fi-ee aii- and sunshine. As we step 



wards, we exuliange the brightness of noon for the mel- 
lower light of L'vauing. A few steps fiu-ther, and evening 
lened into twilight. We still advance: and twi- 
Kght gives place to a gloom dusky as that of midnight. 
We grope on, till the rock closes before us; and, taming 
round, see the blue waves of the frith through the long, 
dark Yisla, as if we viewed them through the tube of some 
immense telescope. We strike a light. The roof and 
re crusted with white stalactites, that depend from 
J like icicles from the eaves of a roof in a severe 
frost, and stand out from the other in pure, semi-tranepar- 
ridgea, that resemble the folds of a piece of white 
jflrapery dropped from the roof; while the floor below has 
its rough pavement of stalagmite, that stands up, wherever 
ihe drops descend, in rounded prominences, like the bases 
f columns. The marvel has become somewhat old-fosh- 
ioned since the days when Buchanan described the drop- 
ring cave of Slains, — " where the water, as it descends 
irop by drop, is converted into pyramids of stone," — aa 
me of the wonders of Scotland, an 1 1 m d t necessary 
o strengthen the credibility of 1 t t m nt by adding, 
; he had been "informed by p n f undoubted 
Ferocity that thei-e existed a simil e am n the Pyr- 

gaeeB." Here, however, is a puzzle t u ngenuity. 

lOme of the minuter Rtal.netites of the roof, after descend- 
Dg perpendicularly, or at least nearly bo, for a few inches, 
I tip again, and form a book, to which one may sus- 
lend one's watch by the ring; while there are others that 
ttm a loop, attached to the roof at botli ends. Pray, how 
oald the descending drop liave returned upwards to form 
B hook, or what attractive power could have drawn two 
^drops together, to compose the eliptical cnrve of the loop? 
Hh%e problem is not quite a simple one. It is suffleieutly 



bsrd at least, as it has to deal with onlf halfounces i 
ndi, to incnicate candon on the theorists who profess 
deal with whole continents of similar nvatertal. Let 
examine somewhat narrowly. Dark as the recess is, ai 
iboogli vegetation iails fiill fifty feet nearer the entran 
than where we now stand, the place is not without i 
inhabitants. We 6ee among the dewy damps of the nk 
the glistening threads of some minute spider, stretcbii 
in lines or depending in loops. And jast look here. Aloi 
this loop there mns a single drop. Obaene how it di 
ecends, with bat a slight inclination, for about two incli 
or so, and then turns round for about three qnanera of i 
inch more; observe further, that along this other loi 
there trickle two drops, one on each side ; that, as a com 
quence of the balance which they form the one against t] 
other, their descent has a much greater sweep ; and thi 
uniting in the centre, they fall together. We have foni 
a solution of oar riddle, and received one proof more i 
the superiority of the simple art of sedng over the inge 
ions art of theorizing. 

But let us proceed to the proper business of the exCT 
sion. We have provided ourselves with tools for dii 
and, selecting a spot some thirty feet within the oavef 
where the bottom seems composed of a damp dark moal 
we set ourselves, with spade and pick-ase, to penetrate 
to the sea-gravel beneath. The soil yields as easily to the 
tool as a piece of garden mould; and, turning it up to the 
light in cubical adhesive masses, we find it consisting of 
an impalpable brown earth, that exactly resembles raw 
umber. We have fallen on a bed of pure guano, not 
quite so rich, perhaps, as that which our agriculturisl^ 
export from the rocky islets of South America, at the rate 
o^^otit fom-teen pounds per ton, for it mnst have been 



formed originally of vegotablB, not aiiinial matter, and we 
find that it lacks the strong ammoiiicai smell of tbe guauo 
produced by predaciuiis water-birds; but, judging from 
its appearaocp, and from the high estimate formed of old 
of the dung of pigeons as a manure, it must be of valne 
enough to deserve removal from the damp unproductive 
floor of the Doo-cot. We find the bed which it com- 
poses extending downwards fi-om two to three feet, and 
filling the cavern from side to side. A rock-gi'avel lies 
below, hardened into an imperfect breccia by a ferrugin- 
ous cement; but the rotting moisture exuded from the 
guano has been unfavorable, apparently, to the preserva- 
_ tion of the shells, and wo find that it contains nothing 
lie. We again remove to the inner recesses of the 
Mark first, that peculiar appearance along the sides. 
SCbere stands out, at the height of about four feet from 
B present floor, what seems a rude projecting cornice of 
ik-gravel, bound together by the stalactitical cement: 
1 projection at one point somewhat exceeds eighteea 
; and we find it bearing short-stemmed stalagmites 
I, just like the rugged pavement below. To nso a 
Biomely bnt apt illustmtion, the appearance is that pre- 
nted by the lower part of a tallow-candle that had been 
Hiniing, exposed to a current of air, with its grease run- 
mug down in ndges on the sides, and then spreading out 
I the margin of the metal socket, when, after i-aising it 
mt of the candlestick, we see the lower accumulation pro- 
ecting from it Uke a cornice. That line of projecting 
gravel indicates the level at which the floor of the cavern 
e stood. If WB remove the looser parts of the present 
taor, we shall find its place indicated by just a similar line 
^ of prcijection. The loose sea-gravel could have adhered 
9^ the sides only by having formed the part of the floor in 



contact with them, imtU the stalaginitical substani^c 
tnken effect upon it, by binding it lato a mass, and fisin 
it where it had lain. Let ns break into one of the p 
tiona. We find it a true breccia, thickly interspersed wit 
Buch fragnienta of sliells as we may pick np by hundred 
in the neighboring Bea-cavea, where the incessant beat irf 
the surf on the hard rocks against which it dashes It 
ihera into ronnded fragments. There, for instance, ii 
massy little bit of the strong smooth bnckic, (J^uaus A» 
tiijtcvs), the largest of British univalves ; and there a fra| 
ment equally maaay of the Icelandic Venus, — both o 
them productions of the oceans, and of such rivers as ih 
Friths of Cromarty and Dornoch. The materials of th 
projecting cornice are those of a cavern-beach mnch ed 
posed to the roll of the surf. 

Let us now see what our several points of circnmata 
tial evidence amount to. First, then, the bottom of tk 
cave must have stood at one time a^ least four feet tm 
its present level, and at least fourteen feet over the lev 
of the two sca-cavcB ontside ; and yet, just as the sea n« 
Corel's them, must the sea at that remote period bai 
covered it. The incessant wave must have resound 
along those silent walla as it dashed sullenly onwards, a: 
awakened all their echoes with its harsh rattle as it rolli 
back. The cavern at that early time, like all the 
deep-sea eaves of the coast, could have had no crust ' 
stalactites. Its sides and roof mnst have been as dark ai 
bare as the sides and roofs of the caves outside, where t 
spray washes away every film of calcareous matter era 
has been deposited for half a day. A sudden elevftd 
of the coast took place, and sudden It must have been, I 
the loose gravel beach, with its finely comminuted shd 
was at once raised beyond the Influence of the tides; 




Btalactitical ridges began to form on the walls, and the 
gea-gravel to consolidate — where these terminated be- 
Veath, and the petrifjiug water oozed through — into the 
brecciated cornice. But the waves from the lower line 
bad been encroaching inwards, bit by bit, from the cavern's 
month, washing down the floor to their own reduced level, 
Bntil they had at length scooped it all ont, and left bnt 
the hardened projections to mark where it had stood. 
rhe cave, thongh now occupied by only the higher tides, 
had again become, in some sort, a sea-cave, when a second 
elevation of the bind raised it to its pi'esent level. The 
Bovering of stalactites thickened aloug its sides; its minute 
LOBsea Uved, died, and became marble; and, as age buc- 
seded age, the dark recesses in its roof were cheered by 
file unerring affections of instinct ; and brood after brood, 
teared with assiduous labor to maturity, went forth, some 
Igain to return to their hereditary cells, some to take np 
leir abodes with man. I need scarce say, that the rock, 
' white-backed dove, is the original of our domestic 
Bpecies. 

LINE OF CROMAKTt EDTOK. 

We find that there leaned against one of the precipices 

■ the Southern Sutor, now washed by the spring tides, a 

luB of loose debris, such as we see still leaning against 

|be precipices of tlie old coast line, and that a calcareons 

Bfpring, dropping upon it from an upper ledge, had, in the 

eourse of years, converted its apex into a hard breccia and 

Demented it to the rock, while the base below remained 

jicoherent as at firat. During this period it must have 

in beyond the sweep of the waves. But a change of 

took place ; the waves came dashing against the 

debris, and swept it away ; and all that now remains 

I 



of tbe talus is tho consoliilated apex, projecting aboB 
lUree fi.'et from llie ro<^ TTinler another precipice of lb 
Cromarty Sutor we find a line of consolidated deliris— 
which, like the breccia of the apex, must liave been tin 
work of a calcareous spring — running out abont fifty fccli 
into the ebb, where it is altogether impossible it could 
have formed now. The spring must have flowed down- 
wards for these fifty feet ere it reached the sea; for i 
sooner could it have touched the latter than its watcrd 
would have been cUfiiiaed and lost; and, even coold they 
have avoided such diSiision, the waves must have pr^ 
vented the loose gravel on which the calcareous matter 
acted from remaining suificiently stationary for a singjs 
tide. In each of these c.iaes is the value of the evidenoa 
enhanced by the circumstances in which it is given. Botb 
the talus and the breociated lino were formed on a haaa. 
of ^gantic rock, so hard that it strikes fire with steel, and 
which only a general change of level conld have let down 
to the influence of the tide, or elevated over it. 



LESSOJf TO YOUSG GEOLOGISTS FKOM CLAT-BED OF THE 



There is a stiff, blue clay much used in Cromarty and th 
neighborhood for i-cndering the bottom of poiida 
tight, and the foundations of ceUars impervious to 
land-springs, and which, save for its greater tenacity, mi 
resembles the blue boulder-clay of our Coal Measures. Il 
is found in the ebb at half-tide, in a bed varying 
eighteen inches to three feet in thielciiess, which overli 
the red boulder-clay, and contains minute fragments i 
shells, too much broken to be distingwisbed. I had deenu 
it a sort of re-formation from strata of a grayish-oolorod 
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■elnminous shale, whiclj occur in the Old Red Sandstone, 
are laid bare in tlie neighborhood by the eea. The 
33 dash against them, and then roll back tarbid with 
^the lighter particlod, to deposit these in the deep, still 
Tpater outside. Bui in the place at present occupied by 
'the bed the waves could not have deposited them ; it ia bo 
'tnuch exposed to the surf, that the deposit is gradually 
wearing down under the friction, and it must have been 
{formed, therefore, at a lower level, and when the sea beat 
gainst the ancient beaches. We find further proof that 
llich must have been the case in a sofl stratum of gray, 
(haly sandstone, which rises through the bed, and which 
Ib thickly perforated by colls of the Fholas candidue, con- 
taining in abundance the dead shellB, but which has been 
elevated to a too high place to form any longer a fit habitat 
^r the living animals. I had often examined the frag- 
bentary sheila of this clayey layer, in the hope of being 
able to elicit from them somewhat regarding the liistory 
f H deposit older than our present coast line, yet newer 
than our boulder-clay ; but I had hitherto found them in 
every case too comminuted to yield the necessary evi- 
.dence. I now succeeded, however, in detecting the same 
deposit under the Northern Sutor, in the same close neigh- 
itorhood as on the Cromarty side to the gray aluminous 
fihale of the Old Red Sandstone, to which it seems to have 
^wed its origin, and abounding in organisms maiine and 
terrestrial. All are recent. I found it containing cones 
tf our common Scotch fii-, hazel-nuts, fragments of alder 
Ind oak, sheila of the common mussel much decomposed, 
ud shell*!, too, of one of the Gaper family {Myte are- 
iiaria), still lying in jiairs. The blue, adhesive clay in 

Ehich they are embedded can scarce be distinguished 
nm that of the Lower Lias of Eathie; the sets of oi^an- 



isms in the two deposits are also the same, — intlicftllng 
that tlieir deposition mnat have taken place under eimiiat 
conditions. The Lias, like the recent clay, has 
its Ijita of wood, and its marine bivalves lying in pairs; 
and the sole difference that obtains) between them is, that 
while the cones, and wood, and bivalves of the bine clay 
are all existences of the present time, the cones, and wood, 
and bivalves of the Lias represent classes of oi^anic beingg 
that have long since passed into extinction. This day* 
bed of the Northern Sutoris one of the best places I kno* 
for the yonng geologist taking hia first lesson upon. I 
deemed it of interest chiefly as corroborative of the Ihct 
that onr raised beaches on the shores of the Cromarty 
and Moray Friths belong to exactly the present state of 
things ; nay, that for a very inconsiderable period ere 
their elevation, when the blue bed was forming in com- 
paratively deep water, both sea and land were stored with 
their existing productions. 

GLACIAL AFPEAEANCES AT NIGG AND LOGIE. 

There are two several localitiea in which, after acqaaint' 
ing one's-self with the glacial moraines of Brora, one may 
examine with advantage the glacial moraines of the n 
borhood of Cromarty. One of these we find in the j 
of Logie, not a hundred yards distant from the gi-eat 
" coach road ; the other, in the parish of Nigg, on one of 
the slopes in which the lofty ridge, whose south-westorfl 
termination forms the northern Sutor, sinks at its nortli* 
eastern boundary into the pMn of Easter Koss. Thi 
Logie moraine extends, for fill! three-quarters of a mile^! 
in a line parallel to the mountain range from which it«- 
glacier must have descended. There is a fui-^y level in 



(front, mottled over with groupB of cottages; the moraine, 
— thkkly planted with fir, and amid whose sheltering 
'hoUowa the gipsies' tent may be seen in the warmer 
months, and the houseless Free Church congregation at 
this inclement season, — forms a long undulating ridge, 
Id what a painter would term the middle ground of the 
landscape ; while on the swelling acclivitiea behind, over 
which the icy plane must have once extended, we see 
woods, and fields, and stately manor-houses, and, high 
jBbove all, the heathy mountain ridge, where the sky 
leema resting on the land, I have not seen the rock laid 
lare in any part of the cultivated tract which intervenes 
jetween the moraine and the upland lidgo ; hut I enter- 
jain little doubt that its surface will be found to bear the 
sharacteristic groovings and polishinga of the glacial period. 
?rhe moraines of the Hill of Nigg, as might be premised 
irom the lower elevation and narrower slopes of the em- 
inence from which their glacier descended, are of small 
extent, compared with the moraine of Logic, There is, 
iowever, one of the numbei', & beantifiil grassy Tomhan, 
.fiinged at the base with its thickets of dwarf-birch and 
Jaazei, that wjiB deemed commanding enough in some 
ifitartj age, to be selected as the site of a hill-fort, stUl 
}tnown to tradition as the Danish camp, and whose double 
;aiound of turf we may still see encircling the summit. It 
must have been a dreary period when the great glacier of 
Jjogie, sloping towards the south, and the lesser glacier 
jof the hill of Nigg, sloping towards the north, saw them- 
Bfllves reflected in the separating strait of sea which at 
this remote period flowed through the flat valley be- 
Jween. The valley is still occupied for half its length by 
a sandy estuaiy, known as the Sands of Nigg, which, ere 
^e aphcaval of the higher beaches, must have existed as a 



sliallovr channel, through which the Frith of Cromartj- — 
then a double-mouthed arm of the sea, with ibe hll! of 

; as !i Dionntainoua island in the midst - 
cated with the Moray Frith beyoud. 



FHENOSIEXA ESPLAXATOnT OF ACCtTMITLATIOXS OF SIIELI.3. 

There are scarce any of the appearances witli which the 
geologist is conversant more mysterious than the immense 
ftccumulntiona of shells which he occasionally finds, as in 
Bome parts of Sweden, separated from all extraneous mat- 
ter, as if they had heeu subjected to some sifting process, 

cleaned, as it were, and laid by; and it has long heeii 
a question with him how tliis sifting process had been 
effected. The theory that the accumulation had been 
heaped up by great floods, through which substances of 
the same specific gravity were huddled together, has been 
the commonly accepted one ; but who ever saw a flood, 
however great, that did not oast down its mud and ita 
clay among its transported sliclls, or that had not mingled 
them, in tlie process of removal, with ita ligliter gravels or 
its sand? In the fiat eetiiary of Nigg, I have seen the 
aifting process effected through a simple but adeqnate 
agency. For about two miles fi-om where the estuary 
opens into the Cromarty Frith, its wide tracts of yielding 
sand ai-e thickly occupied by the shells that love such lo- 
calities, — in especial, by the common cockle. Almost 
every tide, when the animals are in season, furnishes iu 
vast quantities for the markets of the neighboring towns, 
and still the supply keeps up ample as at first. N'ow Ifio 
tracts of sand which they inhabit, if not properly quick- 
Bands, are at least extremely loose, especially when cov- 
«i'cd by the tide ; and though the creatares succeed, M 



ong as they live, in maintaining their proper place in them 
'ithiu a few inchea of the surface, no sooner do they die 
»n the shells begin gradually to sink downwards throngh 
; unsolid mass, till, reaching, at the depth of about six 
(et, a firmer stratum, they there accumulate, and form a 
oatinuous bed. The work of accumulation has been going 
I for many centuries; generation after generation liaa 
icn dying, to undergo this process of burial, — this pro- 
as of subarenaceous deposition, if I may so speak ; and 
lere are places in the estuaiy in which the slielly stratum 
Hen to within a foot or two of the surface. It forms 
sort of quarry of shells ; and when, about thirty years 
go, there was a lime-work established in the neighbor- 
ood, many thousand cartloads were dug out and burnt 
ito lime. I had frequent occasion, some five or sLy years 
ace, to pass through the estuary at seasons when the 
lere amateur would have perhaps staid at home. There 
Ems through it a stream of fresh water, that drains the flat 
elds and scattered lochans of Easter Ross ; and on one 
f my winter journeys, after a sudden thaw, accompanied 
<f heavy rains, I found the stream swollen to the size of a 
onsiderable river, and ita bod excavated beneath the usual 
svel some three or four feet, with the sectional line of 
ind and shells through which it had cut standing up over 
; like a wall. There was first, reckoning downwards, from 
foot to eighteen inches of pure sand; and nest, from two 
ffit to two feet and a half of dead shells. The sandy 
1 all around, for many hundred acres in extent, used 
I be partially covered with water; every furrow of the 
pples, and every depression of the surface, borrowed its 
1 fi^m the receding tide, and, from the general flatness, 
itained it till its return. But on this occasion, the snr- 
e-vater had found an unwonted drainage, through ,1 
29* 




nfright sectional front, into the newly excax'atcd bed ofi 
the stream. It Bank through the upper arcnnceons layer 
aa throtigh a filtering stone, and then came rushing through 
the stratum of shells uiKJemeath, brown with the sand 
wbicb it swept from their interstices. Nor could there Ib 
a completer sifting process. For yards aud roods togetheft 
the sheils were as thoronghly divested of the sandy ma« 
trii in which tliey had lain as if they had been carefollf 
washed in a sieve. I was bold enough to infer from llie 
phenomenon at the time, thsit the problem of the unmized 
accumulation of shells may be, in at least some cases, nd 
80 difficult of solution as has been hitherto sopposed. Od( 
has but to take for granted conditions such as those of tlM 
estuary of Ni^g, — the incoherent bed, half a qnickaandj 
and the subarenaceous deposition, — to account fii? thdl 
original production, and the superadded conditions of ihfl 
surface-water and the free drainage, to account for thdr 
after clearance of extraneous matter. 

CAtJTlOS TO GEOLOGISTS ON THE FKDING OF BOtATKS. 

In consolidated slopes it is not unusual to find remi 
animal and vegetable, of no very remote antiquity. 
have seen a human sknll dug out of the i-ecliuing base d 
a clay bank, once a precipice, fully sis feet from nnder tb 
surface. It might have been deemed, not without a d< 
gree of plausibility, the skull of some long-hved coni 
porary of Enoch, — perchance that of one of the acci 
race, 

"Who Binned and died licforo die aveneiiig flood." 

Nay, a fine theory was iu the act of being formed regard- 
F it, which affected the whole deposit; but, alas. 



aborer dug a litlle further, unci Btruck Ilia pidkaxe .igainst 
old Golliio rjbiit, lliat lay deeper etill. There could be 
mistaking the character of the champfered edge that 
till bore thf! marks of the tool, nor tliat of the square per- 
ifation for the lock-bolt; and the rising theory straight- 
■ay stumbled against it and fell. Both rybat and skull 
^d come fi-om an ancicot burying-ground, situated on a 
FOJecting angle of the table, and above. 

BEUAKES ON CSDEELYIXG CLAY ON LEVEL MOOES. 

,On level moors, where the rain-water stagnates in pools, 
id a thin layer of mosay soil produces a scanty covering 
' heath, we find the underlying clay streaked and spotted 
rith patches of white. As in the si>ot3 and streaks of the 
led Sandstone formations, Old and New, the coloring 
itter has been discharged without any accompanying 
hange having taken place in the mechanical structure of 
he substance which it pervaded; for wo find the same 
lixtnre of arenaceous and aluminous particles in the white 
I in the red portions. And the stagnant water above, 
bidulated, perhaps, by its various vegetable solutions, 
Jetna to have been in some way connected with these ap- 
Mranoes, In almost every case in which a crack through 
a clay gives access to the oozing moisture, we find tho 
lea bleached, for several feet downwards, to nearly the 
lor of pipe-clay ; we find the surface, too, when divested 
the soil, presenting for yards together the appearance 
Bhects of half-bleached linen. Now, the peculiar chem- 
try through which these changes are effected might be 
mnd to throw much light on similar phenomena in the 
Mer formations. There are quarries in tlio New Red 
EtndBtone in which almost every mass of stone presents 



3 diffcrent slmde of color from that of its neighboi 
mass, aud quanies in tliu Old Red, whoso sti-ata we fii 
etrenked and spotted like pieces of calico. And ihi 
variegated aspect seems to have been communicatod 
every instance, not during deposition, nor after they I 
been hardened into etoDc, but when, like the boalder-cla 
they had existed in an iDtermediatc state. 

TKATELLED BOUIJ>ERS NOT ASSOCIATED WITC CLAY. 

All the travelled bouldera of the north do not seem as 
dated with the clay. We find them occurring', in Bome 
Btances, iu an overlying gravel, and in some Instances re 
ing at high levels on the bare rock. I have seen, on 1 
hill of Fyrisli, — a lofty eminence of the Lower Old B 
which overlooks the upper part of the Cromarty Frith,— 
boulder of an exceedingly beautiful, sparkling honiblcni 
reposing on a stratum of yellow sandstone, fully a tboasa 
feet over the sea, where there is not a particle of the d 
in sight. We find these travellers furnishing speoiaiena 
almost all the primary tocka of the country, — its gnein 
schistose and granitic, its granites, red, white, and en 
its hoiTihlendic and micaceous schists, and oci 
though more rarely, its traps. The stone most abundi 
among them, and which ia found occnrring in the h 
masses, is a well-marked granitic gneiss, in which 1 
quartz is white, and the feldspar of a pink color, and 
which the mica, intensely black, exists in oblong ilitMjim 
lations, ranged along the line of stratification in inl 
rupted layers. No rock of the same kind is to be 
in aitu nearer tli:ui thirty miles. We find granitic boi 
ders of vast size abundant in the neighborhood of Twi 
especially where the coacK-To^ ^o»»4* Xjo'^mAb the 



rough .1 piece of barren moor, and on tlie range of sea- 
jacli below. One enormous block, of a form somewhat 
iproaching the cubical, is large enough, ."inil seems solid 
lough, to admit of being hewn into the pedestal of some 
llossal statue ; but instead of being tljus appropriated to 

apart of a monument, it has lately been converted of 

ielf into a whole monument. When I last passed the 

, I found it dedicated, in an inscription of nine-inch 

fcters, " to the memory of the immortal Scott." Nature 

i dedicated it to the memory of one of her great revo- 
tions ages before; but since the dedicator had deter- 
ined on adding, in Highland fashion, a stone to the cairn 
' Sir Walter, it would certainly Iiave been no easy mat- 
^ to have added to it a nobler one. 



On entering on the granitic roeli, we find the strata, 
rangely disturbed and contorted, lying, in the course of 
few yards, in almost every angle, and dipping in almost 
Fery direction. And not only must there have been a 
(inplexity of character in the disturbing forces, but the 
ok on which they acted must have been singularly sus- 
tptible of being disturbed. The strata of the sandstone 
at the period of their upheaval, the same brittle, 
jjd plates of solid stone that they are now. The strata 
' the granitic gneiss were characterised, on the contrary, 
iring their earlier periods of disturbance, by a yielding 
Ucibility. They were capable of being bent into sharp 
glee without breaking. "We see them running in zig- 
g lines along the precipices, now striking downwards, 
rw ascending upwards, now curved, like a related Indian 
W, in one direction, now curved in a contrary one, like 
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the same bow when fiilly bent. The strata of the 
Btone, like a pile of gliiss-panes laid parallel, esUted in 
state in which they conld be either raised in any givi 
angle, or, if the acting forces ivere violent and 
brokcD up and Bhivercd; whereas the granitic strata e 
isted in the state of the same glass-panes brongbt to 
bright red heat, and capable, from their extreme flea 
bility, of being bent and twisted in any direction, fl 
Gnd, too, that there occur occasional patches in which tl 
lines of the stratification have been together obliterat« 
We can trace the strata with mnch distinctness on evq 
side of these ; but there is a gradual obscuration of d 
lines, and we see what was a granitic gneiss in one sqna 
yard of rock existing as a compact homogeneous mass J 
the next. The effect is exactly that which would be pro-. 
duced in the heated panes of my illustration, were 
heat kept up until portions of them began to run; 
the circumstance serves to throw hght on some of 
other phenomena of the gneiss. The stone, in its averagi 
specimens, is a ternary, consisting of red feldspar, whita 
quartz, and a dingj--coloi-ed mica; but no one, notwilh- 
standiug, could mistake it for a true granite. It has iu 
granite veins, however; and these veins, truly such ia 
some cases, arc, in not a few others, mere strata of the 
gneiss, which have evidently been formed into graniU' 
where they lie. There are no marks of injection, — 
accompanying distm-bance. All their conditions, with 
exception of their being trae granites, are exactly thi 
of the layers which repose over and under them. 2fi 
the homogeneous patches serve, as I have said, to thi 
light on the secret of the formation of these. In one 
portant respect the granitic rocks differ widely ami 
tiiemaclves. Some of them contain potass and soda 



inch large proiiortions, ami have sucTi a tendency to dia- 
ntegrate, in conaequence, thnt they fnrnish mnch less 
larable materials for building than the better sandstones; 
iriiile others, of an almost indestructible quality, are devoid 
F these salts altogether. Potass and soda form powerful 
iuses ; and it seems at least natural to infer that, should 
vide tracts of granitic rock be exposed to an intense hnt 
iqiiablo heat, the portions of the mass in which the fluxes 
trge proportions m.ust pass into a much higher 
Rate of fluidity than the portions in whioh they are less 
Lbnndant, or which are altogether devoid of them. Single 
I and detached masses might thus come to be in the 

! of extremest fusion of which their substance was 
topable, and all their particles, disengaged, might be enter- 
y into the combinations peculiar to the plutonio 
rocks, when all around them continued to bear the semi- 
(iemical, semi-mechanical characteristics of the metamor- 
)hie ones. Hence it is possibly the origin of some of 

a granite veins, open above, and terminating below in 
wedge-like points, which have so puzzled the Huttonians 
<rf & former age, and which have been so triumphantly 
refeired to by their opponents as evidences that the granite 
bad been precipitated by some aqneons solution. 

8EPTAEIA, OE CEMENT-8TONES OP THE UAfl. 

Observe these nodular masses of pale, bloe limestone, 

9iat seem as if they had cracVed in some drying process, 

and bad afterwards the cracks carefiilly filled up with a 

l^ht-colored cement. The flaws are occupied by a rioh 

leftreous spar; and in the centre of each mass we find, 

most instances, a large ill-preserved Ammonite, which 

IB also its spar-fllled cracks and fissures, as if it, too, had 

I 
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been linrst asunder by Iho process which had rent the 
ronnding matrix. Those noduhir masses are the ch; 
teristic scpiaria or comcntstoues of the Lias, bo inocb 
used in England for making a hard, endnring mortar, that 
has the quality of setting under water. Their bhtisti-eel- 
ored portions are so largely charged with the argillaceona 
matter of the bed in which they occur, and contain, be- 
Bideg, ao considerable a mixture of iron, that, refusing 
slake hke common lime, they have to be crushed, 
calcination, by mechanical means ; while the fossil in t6f 
centre, and the semi-transparent spar of the cracks, are 
composed of matter ]>urely calcareous- And from this 
peenliar mixtui-e the cement seems to derive those setUsf 
qualities which render it of such value. 



AMUOSITES or THE NOETHEKN LIA3. 
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The Ammonites of the upper beds of the Lias approstli 
more to the type of the Ammonite communia, being com- 
paratively flat when viewed sectionally, and having the 
whorls broadly visible, as in the Ionic volute ; while the 
Ammonites of the lower beds approach In type to the A"^ 
mo7iite keterophyUus, — each succeeding whorl coveringw 
largely the whorl immediately under it, that the spiral liuft 
seems restricted to a minute hollow in the centre, soarw 
equal in extent, in some specimens, to the twentieth part 
of the entire area. In other words, the Ammonites of tlie 
Tipper Lias in this deposit represent, aa a group, the true 
ammonite type; while In the Lower Lias they apprfflich 
more nearly, as a gi'oup, to the type of the nautilns. Aiw 
not only arc they massier in form, but also absolutely l.ii^' 
in size. I have found Ammonites in the more ponderoos 
Bt'ptaria, that fully doubled in bulk any I ever saw in i^"^ 
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upper slialea. We occaaionally find nodules that, having 
formed in the outer rings of these lai-ger shells, somewhat 
resemble the rima of wheels, — in some cases, wheels of 
not very diminutive size. 

BELEMSITES OF THE NORTHEEK LIAS. 

We find the Belemnites of the lower deposit, like its 
Ammonites, of a balkier form than those of the upper 
The Jieiemniles abbrcviatus and elongatus, both 
i&rge, msasy species, especially the former, are of common 
carrence ; while those most abundant in the upper beds 
3 the ^eiemniles loriffiasimus and penicillat-us, both ex- 
ceedingly slim species. It is worthy of remark, that Sir 
L Murchison, in his list of fossils peculiar to the Lias as 
developed in the midland counties of England, specifies 
lie JBelemnitea peniciUatua as characteristic of its upper, 
kad the Helenmites abbrevialua and elongaUis of its lower 
Sivi^on. 

curru^FisH. 

la the reader acquainted with at once the largest and 
i" British Mollusca, — the cuttle-fish, — a 
ireature which stands confessedly at the head of the great 
latural division to which it belongs ? Independently of 
B intrinsic interest to the naturalist, it bears for the com- 
Qentator and the man of letters an interest of an extiinsic 
ind reflected kind. No other nioUusc occupies so prom- 
Bent a place in our literature. It is furnished with an 
ig, from which, when pursued by an enemy, it ejects 
t dingy carbonaceous fluid, that darkens the water for 
fards around, and then escapes in the cloud, — like some 
Eoineric hero worsted by his antagonist, but favored by 
30 



tbe pods, or some body of military retreating nnseen from 
a lost li(.-ld, unJer the cover of a smoking shot. Ami 
there has scarce arisen a controversy siocc the days of 
Cicero, in which the cuttle-fish, with its ink-bag, has not 
furnished some one of the controversialistB with an illus- 
tration. It has attained to some celebrity, too, on another 
and altogether different account. That cnormouB mon- 
ster the kraken of Norway, of which our earlier geogra- 
phers tell snch enipriaing stories, was held to belong to 
this curious family. And lliough the monster has disap- 
peared from the treatises of our naturalists for a full half- 
centory, and from the pages of even our most credulous 
voyagers for at least a century more, it maintained il» 
place as a real exiatence long enough to be assigned a per- 
manent niche in our literature. It has been described as 
raising its vast arms out of the water to the height of tall 
forest-trees, and as stretching its knobbed and warted 
bulk, roughened with shells, and darkened with sea-weed, 
for roods and furlongs together, — resembling nothing less 
extendve than some range of rocky skerries on some dan- 
gerous coast, or some long chain of sand batika, forming 
the bar of some great river. It was introduced to the 
reading world with much circumstantiality of detail, by an 
old Norwegian bishop (Eric Fontappidon), as " an animnl 
tbe largest in creation, whose body lises above the sarikt^e 
of tbe water like n mountain, and its arms like the masU 
of sliips." And one of the French conlinuators of BofEbn, 
— Denys Montfort, — regarding it as at least a pOBeible 
existence, has given, in his history of Mollusca, a print of 
a colossal cuttle-fish hanging at the gunwale of a sliip, 
and twisting its immense arms about the masts and rig- 
ging, — a feat which the cuttle-fish of the Indian seas is 
said Bometimes to accomplish, if not with a ship, at least 



A QBOLXxnSTB POBT70LIO. 

U a cnnoo. Bat nowhere does the kraken of Norway 

t half BO imposing or haJf so poetical as in Milton, In 

>alpable reference to the old bishop's "lai^est animal in 

forealion," we find the poet describing, in one of his finest 

Brimiles, — 

" That sea-heost, 

Levialliim, which God of all his works 

Crented hugfsC that swim tha ocean Btrenm : 
tlim, haply Blnmb'ring on the Norwaj roam, ' 
The pilot of eome small olght-foundered skiff, 
Deeming some islanil, ofl, as seamen tell, 
With fixed anchor in his scaly rind 
Moors by his side under the lee, while vight 
Invests the sea, and wished morn ditoys." 

"'The existing cuttle-fish of onr seas, though Tostly less 
its proportions than the kraken of Norway, is, 
8 1 have satJ, a very curious animal, — constituting, as it 
ighest link among Mollusca, in which creatures 
jrifhont a true back-bone or a true brain approach nearest, 
1 completeness of structure and the sngacity of their 
biBtincte, to the vertebrata. All my readers on the sea- 
ast, especially such of them as live near sandy bays, or 
I the neighborhood of salmon-fishinga, must have fre- 
[nently seen the species most abundant in our seas, — the 
1 loligo or stroUach {Loligo vulgaris); and almost 
H of them must have the recollection of having regarded 
i, when they first stumbled npon it in some solitary walk, 
a an extraordinary monster, worthy of the first place in & 
"The cuttlc-tish," says Kirby, in hisBndgewater 
reatise, "is one of the most wonderful works of the Cre- 
"We have no creature at all approaching it ii 
t departs so widely from the fatniliar, every-day type 
r animal life, whether developed on the land or in the 



A innn buvieil to the neck in a sack, and prcpnred 
anch a race as Tcnnent describea in bis " Aneter Fair,' 
an exceedingly atrange-looking animal, but not half 
strange-Iooking as a utroUach. Lot us just try to imjirc 
him into one, and give, in this way, some idea of the » 
mal to those unacquainted with it. First, then, the sf 
must be brought to a point at the bottom, as if the li 
were sewed up tightly together, and the corners loft p 
jecting BO as to form two flabby iins ; and further, the be 
must be a sack of pink, thickly speckled with red, and t 
erably opou at the other cod, where the neck and Iw 
protrude. So much for the changes on the sack ; but I 
changes on the parts that rise out of the sack must be 
a much more extra ordinaiy character. We must first ( 
literate the face, and then, fixing on the crown of the he 
a large beak of black bom, crooked as that of the pi 
we must remove the mouth to the opening between t 
mandibles. Ai-ound the broad base of the beak must ' 
inseit a circular ring of brain, as if this part of the aniii 
had no other vocation than to take care of the mouth ai 
its pertinents ; and around the circular brain must i 
plant, as if on the coron.il ring of the head, no fewer tin 
ten long arms, each furnished with double rows of conw 
suckers, that resemble cups arranged on the plane of ani 
row table. The tout ensemble must serve to remind Oi 
of the head of some Indian chief bearing a crown of ti 
feathers; and directly below the crown, where the chcd 
or rather the ears, had been, we must fix two immeo 
eyes, huge enough to occupy what had been the wha 
sides of the iaco. Though the brain of an ordlnary-ai* 
loligo be scarcely larger than a ring for the little finger, i 
eyes" are searceJy smaller than those of an ox. To Ml 
plete our cuttle-fish, we must insist, as a condition, Ihl 



in motion, tlie metamorphoHcd sack-racer must either 
Walk head downwards on hla arras, or glide, like a boy de- 
Hending an inclined plane on ice, feet foremost, witli the 
point of his sack first, and his beak and arms last; or, in 
r words, that, reversintj every oi-diuary circumstance 
of voluntary motion, he must make a snout or cut-water 
of his feet, and a long trailing tail of his arms and head. 
The cuttle-fish, when walking, always walks with its mouth 
Searer the earth than any other part of either head or 
iody, and when swimming, always follows its tail, instead 
T followed by it. 
This last cuiious condition, though doubtless, on the 
lli^hole, the best adapted to the conformation and instincts 
f the creature, often proves fatal to it, especially in calm 
weather and quiet inland fi-iths, when not a ripple breaks 
a the shore, to warn that the shore is near. An enemy 
; the creature ejects its cloud of ink, like a sharp- 
Ihooter discharging liia rifle ere he retreats ; and then, 
buling away tail foremost under the cover, it grounds 
Ivelf high upon the beach, and perishes there. Few men 
ove walked much along the shores of a sheltered bay 
lithout witnessing a cata.strophe of this kind. The last 
digo I saw strand itself in this way, was a large and very 
^roua animal. The day was extremely calm; I heard 
; peouhar sound, — a sqiielch, if I may employ such a 
wd, — and there, a few yards away, was a loligo nearly 
i>o feet in length, high and diy upon the pebbles. I laid 
old of it by the sheath or sack; and the loligo, in turn, 
lid hold of the pebbles, just as I have seen a boy, when 
me off against his will by a stronger than himself, grasp- 
Igfast to projecting door-posta and furniture. The peb- 
lea were hard, smooth, and heavy, but the creature raised 
1 with ease, by twining its flexible arms aronnd them, 
30* 



and then forming a vacnum in each of ita suckers. I Eiib- 
jected one of my hands to its grasp, and it seized fast hold ; 
bat though the suckers were still employed, it employed 
them on a different principle. Around the circular rim of 
each there is a fiinge of minute thorns, hooked somewhat 
like those of the wild rose. In fastening on the bard 
smoDth pebbles, these were overtopped by a fleshy mem- 
brane, much in the manner that tlie cushions of a cat's 
paw overtop its daws, when the animal is in a state of 
tranquillity ; and, by means of the projecting membrane^ 
the hollow inside was rendered air-tight, and the vacuum 
completed ; but in dealing with the hand, a soft substanoe, 
the thorns were laid bare, like the claws of the cat when 
Stretched out in anger, and at least a thousand minute 
prickles were fixed in the skin at once. They failed to 
penetrate it, for they were short, and individually not. 
strong, but acting together and by hundreds, they took 
at least a very firm hold. 

What follows the reader may deem barbarous ; but the 
men who gulp down at a sitting half a hundred live oys- 
ters, to gratify their taste, will surely forgive me the do- 
stmction of a single mollusc to gratify my curiosity. I cut 
open the sack of the creature with a sharp penknife, and 
laid hare the viscera. What a sight for Hervey when 
prosecuting, in the earlier stages, his grand discovery of 
the circulation ! There, in the centre, was the yellow mna- 
cular heart propelling into the transparent tubular arteries 
the yellow blood. Beat — beat — heat; — I could see the 
whole as in a glass model j and all I lacked were powen 
of vision nice enough to enable me to detect the fluid pas- 
sing through the minuter arterial branches, and then re- 
turning by the veins to the two other hearts of the crea- 
ture; for, strange to say, it is furnished with three. TIierB 
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18 the yellow heart at the centre, anrJ, lying altogether d&- 
tachcd from it, two other darker-colored hearts at the 
hides 1 I ont a little deeper. There was the gizzard-like 
iptomach, filled with fragments of minute muaael and cral>- 
iAelU] and there, inserted in the spongy, conical, yellow- 
ish-colored liver, and somewhat resembling ia form a Flor- 
nce flask, the ink-bag distended, with its deep dark sfpia, 
—the identical pigment sold under that name in our color- 
phops, and ho extensively used in landscape-drawing by 
ibe limner. I once saw a pool of water, within the oham- 
er of a saimon-wear, darkened by this substance almost 
) the consistence of ink. Where the bottom was laid 
i3ry, some fifteen or twenty cuttle-fish lay dead, some of 
tbem green, some bine, some yellow ; for it Is one of tho 
jOharactfiristics of the creatuixi that. In passing into a state 
•f decomposition, it assnmes a succession of brilliant col- 
ors; bat at one of the sides of the chamber, where there 
!ira8 a shallow pool, six or eight uidividaals, the sole sur- 
vivors of the shoal, still retained their original piak tint, 
freckled with red, and went darting about in panic terror 
vitbin their narrow confines, emitting ink at almost every 
^ until the whole pool had become a deep solution of 
tepia. But I digress. 

I next laid open the huge eyes of the stranded cuttle- 
j|fib. They were curious organs, — more simple in their 
i^tracture than those of any quadruped, or even any fish, 
*ith which I am acquainted, but well adapted, I doubt 
\ for the purpose of seeing. A camera-obscura may be 
described as consisting of two parts, — a lens in front, and 
t darkened chamber behind; but in both the brute and 
man eye we find a third part added ; there is a lens in 
! middle, a darkened chamber behind, and a lighted 
hunber, or rather Tsstibule, in front. Now thia lighted 



vestibule — Ihe cornea — is wanting in the eye of tlie 
tie-fish. The lens is pl.iced in front, and the clai-kened 
chamber behind ; the construction of the organ is that o 
It common camera-obscnra, without aught additional. 1 
found something worthy of remark, too, in the peculiar 
style in which the chamber is darkened. In the higher 
animatB it may be described as a chamber liung with black 
Tclvet; the piffmentum nigrum which covers it is of deep- 
est black ; but in the cuttle-fish it is a chamber hang 
with velvet, not of a black, but of a dark purple hue; 
piffmentum nigritm is of a purplish-red color. There ia 
something curious in marking this, as it were, first de- 
parture from an invariable condition of eyes of the more 
perfect structure, and in them tracing the peculiarity down- 
wards through almost every shade of color, to the emerald- 
like eye-specks of the pecten, and the still more rndimental 
red eye-specks of the star-fish. After examining the eyes, 
I nest laid open, in all its length, from the neck to th« 
point of the sack, the dorsal bone of the creature, — 
internal shell, I should rather say, for bone it has none. 
The form of the shell in this species is that of a feather 
equally developed in the web on both sides. It gireB 
rigidity to the body, and fiirnishcs the muscles with a fiil- 
cnim; and we find it composed, like all other shells, of a 
mixture of animal matter and carbonate of lime. In sonift 
of the genera it ia much more complicated and ri^d thita 
in that to which the slrollach belongs, consisting, instead 
of one, of nuraeroua plates, and in form somewhat resem- 
bling a flat shallop with its cargo rising over the gunwalS) 
or one of the valves of a pearl mussel occupied by t 
animal. Is my description of this curious creature too 
lengthy ? Tlie young geologist who sets himself to study 
I the ioBails of the Oolitic and Cretaceous systems would ba 
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all the better for knowing a great deal more regarding it 
than I have told Iiiin here. He will discover tliat at least 
one-half the molluseous remains of these deposits, their 
belemnitcs, ammonites, nautili, nnmmultles, bnculites, ha- 
mites, lituiles, turrilites, and scaphites, belonged to the 
great natural class — stngalarly rich in its extinct orders 
and genera, though comparatively poor in it-a existing 
ones — which we find represented by the cuttle-flsh. 

CONGENEHS OF THE CLTILE-FISH, BELEKNTTES, ETC. 

Among its many extinct congeners, the order of the 
'Selenmites was one of not the least curious. Il has been 
remarked, that in the cuttle-fish, as we now find it, a 
greater number of distinct portions of the oi^anization of 
creatures, belonging to widely-separated divisions of the 
animal kingdom, are to be seen united than in any other 
animal. Cut ofi" its head immediately below the arms, and 
we have in the dissevered portion, with its ring of nerve, 
its centra! mouth, and its suckers, the true analogue of a 
Btar-fish. The radiated zoophite lies before us. Some of 
its genera have their plated and jointed antenoaa placed 
.above and below the eyes. The creature, so far as these 
oi^ns give it a character, is no longer n zoophite, but an 
insect or crustacean, Bnt then there is the soft sac, with 
its fin-Uke appendages, the internal shell, and the yellow 
transparent blood. These are unequivocal characteiistics 
of the mollusc. Tee; but then there is a horny beak, and 
there a muscular gizzard. It roust have laid the bircl under 
contribution for these. There is, besides, a true tongue, 
and an organ for hearing; and, though one of tlie cham- 
bers be awanting, a singularly lai'ge and efiicient eye. 
•These organs ai-e all borrowed from the vertebrata. And 
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— aa if h) •emre its eliuin to originalitjr, not only in id 
eambinaliotifi, bot in its paits — lAere are its tbree hearty 
and its weU-st<x«d ink-b^, — chattels that it could ecarc4 
hmre borrowed anjTrhere. It oixnpies, according to Co* 
Tier, a eon of central place in the finimal kingdom, wber 
tosds from all tho Tsriona dirisions converge, and the thn 
beaftt and the ink-bag mark, as it were, the point at whid 
ikej meet. Extensive and wonderftil, howe%'er, as 
cncnbination of parts may seem, its extinct congener, t 
Belemnite, added to the nomber at least one part mora 
Like that curions gelatinoos zoophile, tbe Dutch i 
war {Phyealia), it was fwrnisbed with a sailing apparatoi 
Kot only could it swim tall foremost, and walk head dowi 
wards, like our existing cnttlc-fish, bnt it could also rail 
itself to the surface of the water, and there, spreading on 
ita sail of thin membrane, speed gaily away before 1 
n-ind. Several of the existing congeners of the creatnr 
such as the Argo)iauta Argo, are sailors still ; bi 
the Belemnite, or its analogue, the cutlle-figh, they a 
furnished with external shells. They are sailors each is 
ilfl own little boat, whereas the Belemnite was a sailoi 
without a boat, — such a sailor as Franklin was, when, laj* 
ing himself at full length in the water, he laid bolrl of tbl 
string of an elevated kite during a smart breeze, and, n 
out effort on his own part, was drawn across a small 1 
by the impulsion of the wind above. 

I have full in my view where I write, a shelf occnpt 
with ranges of our Scotch Eelemnites of the Lias, plac 
on end, and leaning against the wall, like muskets i 
armory. A aocond shelf exhibits ranges of our Scotei 
Belemuites of tho Oolite. Ere adverting, however, t 
their specific differences, — differences which their mode a 
arrangement renders apparent at a glance, — let me aelee 



fhr description an average specimen, as a type of the 
order. Here, then, is the Jidemnite clongatus, from tlie 
Upper Lias of Eathie. The architect gives the propor- 
tions of his cohimns by a scale of diameters. The height 

, of the Tuscan column is equal to seven, that of the Doric 
to eight, that of tlie Ionic to nine, and that of the Corin- 
tiiian to ten diameters. In describing the proportions of 
tiie Belemnite, I shall borrow a hint from the architect, 
by making my scale one of diameter also; fixing my 
calipers, not at the base of the shaft, but one-fourth of ita 
entire length uji. Let the reader imagine a. small cylin- 
drical column of brown pohshcd stone, diminishing from 
the base upwards for three-fourths of its height much in 
same proportions as one of the Grecian colnmna 
diminishes, and then in the remaining fourth suddenly 
■weeping to a point. Its length — eight inches in the 
present instance — is equal, like that of a Corinthian 
riiatt, to tea of its diameters. Within this solid column 
e find an internal cone rising from the common base, the 

\ "ffhole of which it occupies, and terminating in the apex, 
St about one-third the height of the whole. It ia dif- 
ferent in color and structure from the brown pointed 
^aft at which it is included. The sliaft or column shows 
e if it had been formed, like a dipped candle, by r^eated 
accessions to its outer surface; whereas the internal cone 
Bhows that it has been formed by accessions to its base. 
The shaft seems to liave gi-own as a tree grows, and ex- 
hibits ita internal concentric rings crossed by lines radi- 
Uing from the centre, just as the yearly rings of the tree 
are crossed by the medullary rays. The internal cone, on 
file contrary, was reared course after course, as a pyramid 
! bnilt of ashlar, — with this difference, however, that it 
iras the terminal course of the apex, that was laid first, 
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and that every Buccecding coarse iras added to the bai 
The entire Belemnite was originally of greater length U 
the specimen before us indicates; for the cone extendi 
very considerably beyond the base of the column, 
beyond the cone there was a still fitrther prolongation of 
kind of horoy sheath, composed of the internal shell 
an extinct order of cuttle-fish, its eubstitiite for a ver 
bi'ate column; just as the existing loligo has its thin elas 
pen, and the existing sepia its stiffer and more compl 
bundle of calcareous plates. There are English 
mens, in which the characteristic ink-bag may still 
found resting on the base of the internal cone, givi 
evidence at once of the class of animals to which 1 
fossil belonged, and that the column and cone must hm 
been internal, not external, sheila. Nature, though libe 
to all her creatures, is no spendthrift. We find that 
her naked Cephalopoda, such as the Btrollach and. 1 
sepia, she gives in the ink-bag an ability of hiding the 
selves in sudden darkness; but that to the shelled cr 
tures of their class, such as the nantilns, she gives no in! 
bag. For thorn the protecting shell is suiBoient. 
uik-bag of the Belemnite at once shows that it was 
cuttle-fish, and that it was naked. Here, in a specim 
from Ae Whitby Lias, we may see the bag still charg 
with its ink ; and so slight is the change induced by n 
told centuries, in the nature of the carbonaceous substan 
which composed the latter, that, after having scraped 
down, and diluted it with water, we may still use it US 
pigment. We find it stated by Buckland, that the tintii 
of a drawing made with fossil ink at his request, by 1: 
friend Francis Chantrey, was pronounced by a celebrsb 
painter, unacquainted with the secret of its origin, as peo 
^ liariy agreeable and well-toned. 



But tLo Belemnite, with its lioroy prolongation, was 
not merely a sort of Btifibner introduced into the body of 
the creatnre to give it rigidity, — as the seamstreBS intro- 
duces, for a. similar purpose, bits of wire and whalebone 
into her pieces of dress, or as the pen exists in the etrol- 
lach : the stony column, and its internal cone, constituted, 
besides, the sailing organs of the creature, — the cone 
forming its floating apparatus, and the column Its ballast. 
The cone, as I have said, consists of a number of layers, 
ranged parallel to its base, like conrses of ashlar in a pyra- 
mid. We find each layer, when detached, exactly resem- 
bling a thick patent watch-glass; concave on its under, 
convex on its upper, surihce. Now, each of these formed, 
■in its original state, not a solid mass, but a hollow, thinly 
■partitioned chamber or story ; and, perforating the entire 
irange of stories from apex to base, there was a cylindrical 
pipe, just as the reader must have seen the cylindrical 
of a turnpike stair passing upwards through the 
itories of some ancient tower from bottom to top. And 
■tiiis pipe was the siphuncle or pump through which the 
creature regulated its specific gravity, and sank to the 
•bottom or rose to the surface, just as it willed. Mi; J. 8- 
.Miller, well known for his labors among the Crinoidea, 
mentions, in his paper on Belemnites, an interesting ez- 
rperiment with regard to the cone. He extracted it care- 
ifaHy from one of his specimens, and then inserting in the 
follow of the stony column which it had occupied, a cone 
of oiled paper filled with cotton, he placed the specimen 
a water, and found the buoyancy of the cone compensat- 
ag BO completely for the density of the column, that the 
trhole floated. Now, to demonstrate the use of the bal- 
aeting column, let us imagine a sail raised over the cone, 
and the whole sent to sea in a high wind. Has the i-eader 
31 




ever sailed, vben a boy, bis micuic sliip, an<I dtxa ] 
remember liow imperative il waa Uiat there 6boul>] be lei 
on the kec! ? The stony colamn is the lead here ; at 
from the form of the creature, as indicated in the entln 
spediaens, some such internal ballasting eeema to hsi 
been as essential to preser%'e its upright position as d 
)ead is to the boy's stiip. There are, however, bat few i 
OUT naturalists vho beUcve with Mr. J. S. Miller, thai tl 
colomn waa originally the dense and solid body it is VM 
Lamarck held that, like the bone of the existing wpto,! 
■was of "a spongy and cellular texture;" Parkinson, llu 
it was "porous or cork-like;" and Baekland, that 'tl 
idea of its having been heavy, solid, and stony, whOa i 
Jbrmed part of n living and floating eepia, is contrary I 
all analogy," With an eye to the question, I hare BH 
cceded in collecting a number of specimens, whichi «I(i 
In their recent state, had been crushed or broken ; and 
am disposed to hold, &om the appearance of the 
in every case, that, notwithstanding the authorities arny 
against him. Miller's view is the right one. The sto 
column, though il must have been somewhat less brit 
in its recent than in its fossil state, — for it contaiDod 
numerous thin plates of horn, tenacions, as is natnral 
the substance, in a considerable degree, — was yet brit 
enough to break across at very low angles, and to exlui 
on the sida to which the force had been applied, its y»ii 
ing craoks aj:d fissures, though on the opposite ride 1 
wrinkled surface generally indicates a tag of adhesion. In 
the cases, too, in which the Eeiemnite had been broken 
into fragnKnts, I have found every detached portion pre- 
sentiug its hard, sharp angles, and existing as a britUn 
calcareous body, however soft and chalky tlie contlilion 
^ uf the more delicate shells of the deposit in which it 



iccurred. Nor Ao I know that analogy is very directly 
pposed lo the Biipposition that the column might have 
icUted in the creature in ite stony etate. If two solid 
Joareous substances, quite as hard and dense as any 
sail Belemnite, exist within the head of the recent cod 
td haddock, why might not one solid calcareous sub- 
ance have existed within the body of an extinct order 
r cuttle-fish ? 

I have found considerable dilBcuIty in classing accord- 
ig to their species, the Beieinnites of the Lias, I soon 
[faausted the species enumerated as pecnliar to the for- 
iition by Miller, aud found a great many others. They 
ivide naturally into two well-marked families, — the 
pecimens of a numerous family, that, like the BdemnitB 
atus, ai-o broadest nt the base, and diminish aa they 
Ipproach the apes, — while the specimens of a fliraily con- 
idwably less numerous, like the Sehmnite fuaiformis, 
nsemble spear-heads, in being broadest near the middle^ 
id in diminishing toward both ends. In subdividing 
bese great families, various principles of classification 
vn been adopted. There are grooves, single in some 
pecies, double, and even triple, in others ; extending 
cm the apex downwards in some — extending from the 
ise upwards in others; and these have been regarded by 
hillips — the geologist who has most thoroughly studied 
le subject — as constituting valuable characteristics not 
Blly of species, but of genera and formations. Miller 
lok into account, as principles of classification, not only 
le general form, but even the comparative transparency 
T opacity, of the column, — marks selected in accordance 
ith the belief that the column was originally the solid 
ibstance it is now. The order furnishes, doubtless, its 
uiouB marks of specific arrangement. I have even found 
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the bint borrowed from the arebitect, of taking tbe pro- 
portions of species by tbeir dinmetere, not wilboat ita 
Yaiae. In measuring, for instance, four ■well-^preserved 
Specimens of tbe Jiclemnile abbreniatue, one of the bulk- 
iest which occurs in onr Scotch Lias, and wbose average 
length is ^x inches, I found tliat two of the four contained 
6\ diameters, one 5^ dinmetcrs, and one 5j diametere; 
while another bulky BelcEnnite of the Scotch Oolite, not 
yet named apparently, whose average length is 3j inches, 
contains only 3| diameters, and strikes at once as specific- 
ally different from tlie others. Equally striking is tbe 
specific difference of the Beiemnite elotij/utus, which con- 
tains from nine to ten diameters, — of another nameless 
apeciea wbiclt contains from twelve to tliirteen diameters, 
— of another which contains from fifteen to sixteen diam- 
eters, — of another, agreeing in ita proportions with the 
JieUmnite lonffissimus of Miller, which contains from 
eighteen to twenty diameters, — of another which con- 
tains from tWDnty-lhree to twenty-four diameters, — and 
of yet another, long and slender as a heckle-pin, wliieh 
contains from thirty to thirty-two diaraetera. My rule of 
classification must of conrse be regarded as merely a sub- 
sidiary one. There are species which it does not distin- 
guish. It does not distinguish, for instance the Melemnile 
suicatus of our Scotch Lias, whose average length is six 
inches, from the Jidemnite elongatus, whose average 
length ia eight Both agree in containing from nine to 
ten diameters, though in form and appearance they Xte 
strikingly different, — the adjuncatiu being much more 
pointed at the apex than the other, much more finely pol- 
ished on the surface, and famished with a deeper groove. 
As a subsidiary rule, however, I have fonnd the rule of 
the diameters a useful one. It has enabled me to form n 
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miraerons and discordant assemblage of specimens into 
distinct groups, the specific identity of which, when thas 
collected, is at once verified by the eye. 

But the reader, unless very thoroughly a, geological one, 
must be of opinion that I h.ive said quite enough about 
the Belemnite. I may, however, venture to add further, 
that its place in the geological scale ia not without its in- 
terest. The periods of the more ancient formations, from 
the older Silurian to the older New Red Sandstone iticlu- 
Bive, had all passed away ere the order was called into ex- 
istence. It then sprung into being nearly contemporane- 
ously with the bird and the reptile ; and, after existing by 
myriads during the Oolitic and Cretaceous periods, passed 
into extinction when the ocean of the Challi had ceased 
to exist, and just aa quadrupeds of the higher order were 
on the eve of appearing on the stage, but had not yet ap- 
peared. Since the period in which it lived, though geo- 
logically modem, the surface of the earth must have wit- 
ly strange revolutions. There have been Bel- 
emnites dug out of the sides of the Him.-daya mountains, 
seventeen thousand feet above the level of the sea. 

COrROLITES OF THE LIAS. 

Large coprolites of peculiar appearance, some of them 
sharged with fish-scalca of the ganoid order, are tolerably 
abundant; and they belonged, I have little doubt, to sau- 
When bringing home with me, many years since, a 
well-marked specimen, I overtook by the way an acquaint- 
ance who had passed a considerable part of his life in 
Dutch Giuana, The thought did not at first occur to mo 
of submitting to him ray specimen. Aa we wallied on to- 
.gether, he thrust his hand into his pocket to bring ont his 
81* 



handkerchief nnd bronght ont, instead, a large mass oj 
damaged snuffi "Ah," he esclaimed, " that rogaUh boy] 
I was standing with my neighbor, the shopkeeper, th: 
morning, when he was opening np a cask of sniifT th( 
had got spoiled with sea-water ; and hia hoy, seeing ni] 
pocket provokingly open I suppose, must have diopped i 
this huge lump I The joke seems a small one," he contii 
ued, "but it must be at least rather a natural on 
only other trick of the kind ever played me was by- 
South American Indian, on the banks of the Demerara 
ho dropped, unseen, into the pocket of my light nankee 
jacket a j)iece of sun-baked alligator's dung," "'Will 
sort of a looking substance was it?" I asked, unooverin 
my specimen, and submitting it to his examination ; " wa 
it at all like that ? " " Not at all unlike," was the reply 
"it bore an exactly similar pale yellow tint, as if, like %l 
dung of our sear-birds that swallow and digest fish-bone 
it contained abundance of lime ; and it waa sprinkle 
over, in the same way, with the glittei'ing enamelled scali 
of that curious fish the bony pike, so common, as you ai 
aware, in our South American rivers." 

mTEDsrvE DriiEa of eathie. 

There are appearances in connection with the Lias o 
Eathie which seem well suited to puzzle the geologist, an 
which have, in fact, already puzzled geologists not a liltli 
"We find them travci-sed by intrusive dykes of what seen 
a grayish- colored trap, extroraely obstinate in yielding t 
the hammer, and which stand np among the softer shsh 
like the walla of some mined village, Tliey are trap-dike 
in every essential except one; — they occur in every poad 
ble angle of disagreement with the line of the strata: ii 



jme places they indose tlie shale in slim, insulated. Elrijis, 
i a river incloses its islands; in othere they traverse it 
with minute veins connected with the larger masses, in tho 
IVay in which griinite is so often seen traversing gneiss; in 
t others the limestone in contact with them seems posi- 
.tively altered ; — the blue nodule has, at the line of junc- 
tion, its strip of crystalline white, and the shale assumes 
indurated and veinous character; the dikes are, in 
Bhart, trap-dikes in every essential except one; but the 
arantiog essential is of importance enough to constitute 
Uie problem in the case; — they are not composed of trap. 
Some of our mineralogists have been a good deal puzzled 
by finding crystals of sandstone as regular in their planes 
pad angles as if formed of any of the earths, or salts, or 
metals, whose law it is to build themselves up into little 
jeractions correctly mathematical in every point and line ; 
1 they have read the mystery by supposing that these 
Bftodstone crystals are mere casts moulded in the uavities 
1 which crystals had once existed. The puzzle of the 
Eiias dikes is of an exactly similar kind : they are com- 
. of an igneous rock, but of a hard, calcareous 
sandstone, undistinguishable in band-specimens from an 
indurated sandstone of the Lower Oolite, which may be 
the shore beneath Dunrobin, alternating with 
tbale-beds of the period of the Oxford clay, I succeeded 
IS finding in it, on one occasion, a shell in the aarao state 
f keeping in which shells are so often found in the resem- 
bling rocks of Sutherland, but the species unluckily could 
e distinguished. A common microscope at once de- 
i the mechanical character of the mass ; and I have 
learned that Dp. Fleming, after reducing a portion of it, 
sent him as an igneous rock, to its orig^al sand, simply by 



stibraergiiig it in acid, expressed some little fear lest thqt. 
gender should not have been quite " up to trap," 

The explanation of the phenomenon seema rather di&l 
cult. There are instances in which what had once beeS 
trap-dikes are found existing as mere empty fissures ; an4 
other instances in which empty fissures have been filled n 
by aqueous deposition from above. An instance of tbf 
one kind is adduced, aa the reader may perhaps n 
in the "Elements" of Lyell, from M'Cnlloch's " WestM^ 
Islands;" two contiguous dikes traversing sandstone I 
Skye are found existing to a considerable depth a 
hollow fissures. An instance of the otlier kind may I 
found, says M'Cnlloch, in a trap-rock in Muil, which 1 
traversed by a dike that, among its other miscellaM 
ous contents, incloses the trunk of a tree, converted int 
brown Ii,^ito. In cases of the first kind, the original dikaf 
composed of a substance less suited to resist the nctioi 
of the weather than the containing rock, has monldereAi 
away, and left the vent from which it issued a mere bolloWl 
mould, in which the semblance of a dike might be caifi 
just as the decay and disappearance of the real cryatal H 
supposed to have furnished a mould for the formation 
the sandstone one. In cases of the second kind, we M* 
the fictitious dike actually existing; it is the sandgton*. 
crystal moulded and consolidated, and, in short, ready {at 
the museum. And we have bnt to suppose the conditioDf' 
of the two classes of dikes united, — we have but to w 
h pose that the hollow filled by the aqueous deposition hoi 
I been previously filled by an igneous injection, — in opl* 
I to account for all the phenomena of an igneous dilu W 
K oompanying a merely aqueous one. We can scaroe account 
I in this way, however, for the formation of the dikes •* 
■ Eathie, seeing that the shale in which they are iaclndedH 



f so soft and decaying a character, that no igneous rock 
iiould of posBibiiity be more so ; nor, even were the case 
Otherwise, could the upper portion of the dykes have exis- 

i as open chasms during the period in which the procesa 
decay would have been taking ptace in the depths be- 

ff. They would have infalUbly filled up with the frag- 
ments detached from the sides and edges, 

Mr. Strickland, in a paper on the subject in the "Trans- 
lations of the London Geological Society," states the 
problem very strongly. "The aubstance of these dikes is 
Wch," he says, " that it is impossible to refer them to a 
purely igneous origin;" and yet, however much "it muy 
jKsemblc an aqueous product," it is as impossible to doubt 
that the dikes themselves are genuine "intrusive dikes 

metrating the Lias shale in all directions." He adds 
Einther, as his ultimate conclusion in the matter, that the 
limentary structure of the rock forbids us to refer it to 

neouB injection fi'om below;" and that, " not with stand- 

5 the complete resemblance of these intrusive masses to 
ordinary plutonio dikes, we have no resource left but to 
efer them to aqueous deposition, filling up fissures which 
had been previously formed in the Lias," There Js a peott- 
ar rock in the ncigbborhood, which throws, I am of opin- 
)n, very considerable light on their origin. It la what 
inay be termed a sycnitio gneiss, abounding in minute 
Wystals of hornblende, that impart to it a greenish hue; 
ind in one place wo find it upheaved bo directly among 
ebe Lias beds, that it breaks their continuity. It raised 
fiiem so high on its back, that the denuding agencies Idd 
the back bare by sweeping them away. Let us hut imag- 
Uie that this disturbing rock began to rise under the ear- 
Her impulsions of the elevating agencies, and during the 
leposition of some one of the later secondary formations, 
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as the precnreor of the granitic range, — that the sape^ 
incumbeDt Lias, already existing in its present consolidated 
State, opened into yawning rents and fissnrea over it, h 
the earth opened in Calabria during the great earthquake 
— and that tlie loose sand and calcareous matter whiof 
formed the sea-bottom at the time, borne downwards }fj 
the rushing water, suddenly filled up these rents, ere lh( 
yielding matrix had time to lose any of its steepne 
Bide or sharpness of edge, which it could not hare fbilcd 
to hare done had the process been a slow one The sand* 
Stone dikes, apparently Oolitic, mark, it is probable, tU 
first operations of those upheaving agencies to which ^ 
owe the elevation of tlie granitic wali, and which, ere th* 
accomphshed their work, may have been active during a 
casionni intervals for a series of ages. I am not of ojnnia 
that the accompanying marks of alteration among th 
shales and limestones of the beds are sofficlently onequll 
ocal to render imperative some more fiery theory. 



We find among the earliest bivalves of the Silurian Sy 
tem the delicate Tercbi'atula, with its punctured umboni 
we follow it downwards through all the various formations,"^ 
and see it appearing on each succedlng stage, specifically 
new, but generically okl, until, quitting the rocks with 
their dead remains, we pass to the existing tcsljicea of our 
seas, and find among thorn the ancient Terebratula sliU 
extant as a living shell. Contemporary as a genus witli 
every extinct fonn of animal life, we find it contemporary 
■with the last of created beings also, — contemporary with 
ourselves; and the Terebratula is but one existence of n 
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Ldass to which, though their generic antiquity may be 
Rfather less remote, nearly the same remark applies. The 
fcstrea atill exists, — its coogener and contemporary, the 
■Srypluea, has perished; the nautilus survives, — its congener 
■pnd contemporary, the ammonite, is long since dead ; the 
fcuttle-fish abounds on our shores, — its congener and con- 
■temporary, the belemnite, is to be found in only our rocka. 
KAnd thus the list runs on. "We can scarce glance over a 
fcp-oup of fossils, whatever its age, ■which we do not find 
■divisible into two classes of types, — the types which still 
fcemain, and the types which have disappeai'od. But why 
Ube one set of forms should have been so repeatedly called 
Liato being, and why the other set should have been suf- 
fered to become obsolete, we cannot so much as surmise. 
Why, it may bo asked, should the nautilus continue to 
exist, and yet the ammonite have ceased vnih the ocean 
]that deposited the Chalk? or why should we have cuttlc- 
'Ssh in such abundance, and yet no belemnites? or why 
^ould not the gryphaaa have been reproduced in every 
Jncceeding period with the oyster? In visiting some old 
tmily library, that has received no accessions to ita cata- 
logue for perhaps more than a century, one is interested in 
imarking its more vivacious classes of works, — its Specta- 
tors, and Robiuson Crusoes, and Shakapeares, and Pilgrim's 
TProgreases, — in their first, or at least earlier editions, 
ranged side by side with obsolete, long-foi'gotten volumes, 
[heir contemporaries, that died on their first appearance, 
dind with whose unfamUiar titles one cannot connect a sin- 
B association. But it is always easy to say why, in the 
e of editions, the one class should have been arrested 
at the very starting post, and why the other should have 

I gone down to be contemporary with every after produc- 
tion of authorship, until the cultivation of letters ahalJ 
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Jiavp c«»i?4. It is oth«rwise, howerpr, with the geologist. 
He finds he has eiactly the a&me son of fact to deal wiih, 
— an immense moltiplicalion of ediiiona, in the case of 
tome [larlicular tj'pe of fish, or phot, or shell, and, in tha 
case of other types, no after instances of re-pnblication; bqt 
he &nds himself wholly anable to lay hold of any critic^ 
canon through which to determine why the one class of 
types should have been so often re-published, or the othM 
BO peremptorily suppressed. And ye^ irere all the circanb 
stances known, it is possible that some such canon mlghf 
be foond to eiist. Geology is still in its infancy. Shall 
day ever arrive when, in a state of full maturity, it will ti 
able to appeal to its fixed canons, and to say why one cei 
tain type of existence was fitted for but one definite stagig 
in the progress of things, and some other certain typt 
fitted, by a peculiar catholicity of adaptation, for every 
Booceedin^ period? 

Sm DAVID BKEWSTEK OS THE CmTLE-FISH AKD BELEUXIIK 

The following discovery of Sir David Brewster, regard- 
ing a marked peculiarity of structure in the eye of the 
cuttle-fish, now first made public, will be deemed of great 
interest by all who have learned to admire that inconceiv- 
able variety of design in the works of the Infinite Mind 
which grows upon the inquirer the more he examines, and 
which, if man were not immortal, it would be an error of 
his very nature to have the strong existing desire to exun- 



St. Leonard's College, St. Andiewi. 
My Dear Sir, — I have been reading, with great pleii 
ure, your interesting account of the cuttle-fish, and WM 
glad to find that you had noticed the singular etmctmo of 



I 



its eye. During the Inst twenty yeai-s I ha\e cliasected lit- 
erally hundreds of cuttle-fiah eyes, but I never publiehed 
yjBiy observations on them, in consequence of having found 
lingular discrepancies in the eyes of different species, and 
(Slaving l»een always expecting from America tlie eyes of 
.^e remarkable varieties which occur there, and which 
diave been repeatedly promised me by American natvir- 

IlllstB. 

Aa yoa will take a great interest in the subject, I shall 
endeavor to give yoa some idea of what I have done. 

Independent of the peculiarity which you have noticed, 
i«f there being no aqueous chamber between the cornea and 
tixelens, there is no iWa and no^yji^the quantity ©flight 

kdmitted being regulated by the eyelids. 
The lens itself is of a roost singular description. It con- 
8 of two lenses sticking together, and capiible of being 
separated without injuring either. This structure is unique. 
.The Jens D A E C consists of two, D A 
E, and a meniscus, ra C n, which is kept 
dose to D A C by a double cartilagin- 
!0Ba ring, D E. The dimensions are D 
" : = 0-51 inch, A C = 0-433 inch, A B 

= 0-3433 inch, B C = 0-09 inch; mn 

= 0*333 inch. The outer diameter of the front ring, D F, 
IB ^ 0-59 inch, and its inner diameter ^ O'Sl inch. 

3 indurated lenses I find the lens C to be doiddy 
ponvex, and the surface of the lens D E A, on which it 
tests, concave. Tiiis must have been the lens of a difier- 
snt species. ■ 

I The fibrous structure of the lens is very remarkable. 
(The laminfe, or coats, of the lens are parallel to D A E 
and tn C n; and the fibres of the lens DAE divei^e from 

l> 88 a pole, like the meridians of a globe ; and they all 



tomiinate, not in another pole, bnt it* the sur/aee D E, 
that irlu«h corresponds with tn o n. This termination of 
the whole component fibres of the lens D A £ in a sur&ce 
is quit* wtiqiu, and the mode of converting this rongh 
plane (like a shaving-brush cut across), into a smooth 
£kcc, is singularly beandfnL Each elementary coat, or 
l^unina, being composed of fibres, has at its termination in 
the periphery D £ a sort of selvage^ where all the fibres 
end; and these selvages, being circles, fill np, as it were, 
or compose the flat surface of the lens. 

The coats, or laminie, consist of fibres diFTerent from 
those of all other animals. When other lenses harden, 
they form a solid body, transparent like a giim y but ths 
cnttle-fish retains its laminated strncture, and shines with 
all the brilliancy of a pearl- 
In the Sce/)ia Ehctona the front Ions A 
separates from B in the line tn a 5 c n, a pe- 
culiarity which I have never found in the 
S(Epia Loligo. The diameter A B is larger 
than m n. 

It would be carious to find the lenses in a 
fosdl state. 
I have found some lenses of the Se^a 
JjoUgo of a paraholoidal form. It is probable that the 
form of the lens varies with the age of the animal. 

When the lenses become indnrated, they often cxhilut 
the most beantiful interna! reflections, and I have often 
thought of having them set as brooches. The pearly 
"Structure is produced by long exposure under ground; 
and it is almost impossible to distinguish such lenses from 
pearls when the convex p.iit only is shown. — I am, my 
dear Sir, ever most truly yours, 

B. Bkbwstzk. 

To Hugh Millor. Esq. 



THEORY or THE OCEAN'S LEVEL, 



AS AFFECTED BY TUE RISING OR SINKING OF THE LAST). 



Thb meau level of the sea cannot be regarded as a fixed 
Jine, unless, dnring the geologic changes of the past, it has 
invariably maintained the same distance from the earth's 
Centre. If the earth, in consequence of the ex))an8ive 
ioflttence of a vastly higher temperature tlian that which 
bi the present era it possesses, was once greatly bulkier 
jthan it is now, the line, in propoition to the bulk, would 
3 farther removed than it is now from the centre. The 
13 would stand greatly higher than at its present line. 
And who tlmt has surveyed the contortions, the bends, the 
imflections, the ever-recurring rises and falls, of the more 
jncient stratified rocks, such as our Scotch grauwacke for 
Instance, — bends and inflections that forcibly remind the 
Ideologist of the foldings of a loose robe, grown greatly 
I large for tlie shrunken body which it covers, — or that 
I weighed the yet farther evidence furaiahed by the 
jarboniferous vegetation, extra-tropical in character even 
[h Greenland, — who, I say, that has considered this evi- 
dence will venture .to decide that the earth's temperature 
pas not higher, nor the earth's radius greater, in the days 
f the Silmlan period, or of the Coal Measures, than it is 
jlow ? And, of course, if the earth's radius was greater, 
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the level line of the sea must have stood higher, — vastly 
higher, it seems not impossible, than the line now touched 
by the summits of our highest mountains. Had there 
been a graduated pole of adamant, equal in length to the 
radius of the globe, placed in that ocean of the Silurian 
period in which our Scotch graptolites lived, — a pole with 
its lower end fixed immovably at the earth's centre, and 
its upper end level with the medium surface of the sea,— 
where, I marvel, would that upper end be now ? High, I 
suspect in the clouds ; nay, in an attenuated atmosphere, 
to which cloud never now ascends. The graduated mark- 
ings of the pole, indicatory not merely of how tlie tide^ 
but also of how the landj has fallen^ would, I doubt not, 
be found more conveniently summable in leagues than in 
fathoms. 

But even setting aside all this as fanciful and extrava- 
gant, — even taking it as a given fact (what, I suspect, is 
no fact at all) that the earth's bulk has not very materially 
altered, the line of the sea-level may have, notwithstand- 
ing, been considerably affected simply by the rise of the 
land. It is estimated that about one-fourth part of tlie sur- 
face of the globe is occupied, according to the present 
distribution of oceans and continents, by land, and the 
remaining three-fourths by water ; or, more correctly, that 
the land is as one, and the water as 2.76. Let us suppose 
this fourth part of land annihilated to the mean depth of 
the ocean. Of course, the effect would be, that the ocean, 
having then to cover four parts, instead of three, would 
sink, all over the globe, exactly one-fourth part of its mean 
depth. If the mean depth of the ocean be, as has been 
estimated, four miles, the fall in its level that would take 
place, in consequence of this annihilation of the land, 
would be just a single mile. And, of course, a creation 
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of land at the bottom of the sea, which wobH rise to Us 
Barface, would, on the same principle, and in e-tactly tho 
fame ratio, have the effect of elevating the ocean level. It 
■would do on a large scale what the pebbles dropped by 
the crow in the fable into the pitcher did on a Email one. 
'Ifor mnst it be forgotten, that though creation and anni- 
hilation are terms which may seem suggestive of the fan- 
eiful and the extravagant, there are phenomena exceed- 
ingly common in nature which, for all the purposes of my 
.wgument, would have exactly the effect of the things 
which these terms signify. In intense cold, the mercury 
in a thermometer ia confined to tho bulb of the instru- 
ment; plunged into hoihng water, it straightway rises 
two hundred and twelve degrees in the tube ; and, when 
a second time subjected to the intense cold, it sinks again 
into the bulb, as at first. So far as mere bulk is con- 
cerned, there takes place what is analogous to a creation 
snd aDuihilation of the quantity of mercury in the tube. 
Again, if a rod of lead a mile in length be raised in tem- 
^perature from the freezing point to the point at which 
: boils, it lengthens rather more than five yards; — 
vbat is equal to a creation of five yards of lead-rod has 
l>een effected. Cooled down again, however, the five 
yards are annihilated. A rod of flint-glass of the same 
length, raised to the same temperature, would stretch out 
only four feet, two inches, and rather more than seven 
foies. All the metals — even platinum — espand moi-e 
;than glass ; but were there some deep-lying stratum, five 
iniles in thickness, of th.at portion of the earth's crust on 
■which Great Britain rests, to be healed two hundred and 
Welve degrees above its present temperature, it wonld at 
even this comparatively low rate of expansion elevate the 
island more than twenty feet higher than now over the 
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existing sea-level, — a height fully equal to that of by fw 
the best marked of our ancient coast lines. And if tlui 
increase in temperature took place, not in a stratum of At 
the earth's crust Jim nailca in thickness, underlying Greirt 
Britain, hut in a stratum tuienty miles in thickness, nndQk_ 
lying one-fourth the area of the hed of the ocean, thf 
effect would of course he of a reverse character. Thif 
creation of land at the hottom of the sea would r^se tb 
ocean level nearly twenty feet all over the globe, and KM 
the waves dashing around our own shores, agfunst thl 
ancient coast line, as of old. 

Nor do I see that the bearing of these consequences a 
the sea-line — consequences that would render its lei^ 
dependent on the elevation or submergence of every W 
titient that has existed, or shall yet exist — can be M 
aside, save on the supposition that for eveiy tract of laaAl 
that rises, another tract of the same area and cubic a 
tents sinks; or, to state the case in other words, and m 
definitely, that I'or every pi'otuberance formed within tln 
sea, there is a cori'e spending hollow formed also teithin U 
elsewhere. Kow, even were it to he granted that fi( 
every protuberance which i-ises on the earth's crust I 
is a corresponding depression of tJio surface, which t 
place somewhere else (though on what principle this ahonw 
be gi'anted is not in the least obvious), I do not at all pV 
eeive why that depression should always take place wH^' 
(he sea. It may take place, not on any of the parts of (U 
earth's surface covered by water, but on that fourth JiUfc 
occupied by land. It may take place on the table-land </ 
a continent. Or, vice versa, a hollow formed in the tO^ 
coHHiderahle enough to lower the sea's level, may Uni it 
counterbalancing protuberance in the further elevation tJ 
the interior of some vast tract, such as Asia or New Hd 



land, already raised over the ocean. Tlie submerged c.on- 
tioent of tlie Pacific, wliich now exists but as a wilderness 
of Bcattei'GcI atolls, may have been the contemporary >\ith 
tiiat of South America, existing at the time as a flat tract, 
which simply occupied a certain area in the sea ; and the 
hollow which the submergence of the Polynesian land 
occasioned may possibly have been balanced by the rise 
»f those enormous table-lands of Mexico and the adjacent 
countries that give to the entire continent in which they 
■are included a mean elevation of more than a thousand 
'feet; or the submergence of that Atlantis which was 
■ drained by the great rivers of the Wealden period may 
rbave been balanced, in like manner, by the rise of the etill 
B extensive table-land of Asia : and in both cases the 
4evel of the sea could not fail to be very sensibly lowered, 
t would have in each instance the area of the submerged 
continent to occupy; and thei-e would be no correspond- 
'Sng elevation teilhin its bed, to balance against the waste 
'by the space which it filled. But why, I repeat, the bal- 
incing theory at ail ? If elevations or depressions can, as 
■liaB been shown, be mere results of changes of tempera- 
%ire in jiortions of the earth's crust, why deem it more 
wcessary to hold that there is a refrigerating process tak- 
'tng place under one area, in the exact propoi'tiou in which 
rtbere is a heating process talting place under another, than 
Ko hold that when the mercury is rising in the tube of a 
Uiermometer, it is sinking in some other tube attached to 
the instrument, but not visible ? The argument, however, 
ja one of those which can be reasoned out more con- 
jriudvely by lines than by words. It will be found, too, 
Ibat the lines make out not only a more conclusive, but 
^IJjso b. stronger case. 




Let the Use 3, 3, in the diagram, fig. I., represent du 
of ihe sea's mean level; the line 3 C, or 3 B, the sea 
mean d^th ; the triangle B A C, a rising continent ; an 
the iDtemal triangles, whose apices reach the lines 3, • 
and 5, 5, respectively, its comparative halt or volume dii 
ing ilA varions intermediate stages of elevation. Whc 
the rising triangle (i. e. continent) reaches the line Z, 
(that of the sea-line ere the land hegan to rise), its inaa 
eqaal to tbat of the parallelogramic hand 1 B C 1, eba 
have displaced water to that amonnt, and sent it to tl) 
snr&ce, which shall have risen, in consequence, from tt 
line 3, 3, to the line 5, 5. \Yben the continent reach) 
the line 5, 5, there will he another band, eqnal to half tl 
mass of the first, displaced and sent to the surface, whic 
shall now have risen to the line 6, 6 ; and not nut 
the point of the triangle (»'. e. continent) has reached tt 
line 7, 7, will it have overtaken the rising surfiice. SncI 
in proportion to its bulk, would he the effect, on tbo ooeai 
level, of a rising continent, were there to he no equivalei 
sinking of the surface elsewhere, — juat as, when the mei 
cury of tbe thermometer is jising in the tube, there is n 



Dorrespomling sinking of metal contained in tho instrn- 
jni-uL elsewhere, or, even if there were an equivalent sink- 
ing, were that sinking to take place in the intt^rior of some 
iameDBe tract of table-land. 

Let us now, howevei-, turn to the diagrara fig. 11,, and 
Consider whether the full realization of the fiction of sink- 

; hollows within the sea, exactly correspondent in their 
cubic contents to tlie rising continents, would be at all 
adequate to presei-ve the hypothetical fixity of ocean sur- 
Siee, Let the line B, C, fig. II. represent the bottom of 
the ocean, and the triangle B, A, C, a depression of the 
earth's crust, exactly equal in cubic amount to the lising 
land in fig. I., and taking place exactly at the same time. 
It will be at once seen, in running over the details, that 
even the hypothesis of balancing hollows formed in the 
sea as a set-off against the elevations, is wholly insufficient 
to estabhsh the theory of a fixed line of sea-level. The 
lollow might be formed, and yet the level affected not- 
withstanding. Until the elevation had risen above the 
line 3, 3, in the diagrara fig. I^ and the corresponding 
hollow sunk to tlie line 3, 3, in the diagram fig. II., the 
fflriace-line would remain unaffected, — the water displaced 
by the riemg eminence would be contained in the sinking 
bollow; but immediately as tho land rose over the surfaoe, 
there would be a portion of it — the sub-aerial portion — 
frhich would displace no water. The hollow, if it took 
place in the exact ratio of the elevation, — and such is the 
itiputated condition of the theory, — would receive, after 
a point, exactly double the quantity of water that the 
I displaced, and the line of the sea-levej would falL 

'hen tlio elevation wouFd have risen to the point A of 
(he one diagram, and the hollowing depression sunk to the 
point A of the other, the amount of water received over 
Vater displaced would be equal in quantity to one of the 
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parallelogramic bands, 1 2, 2 1, or 2 3, 3 2, fig. I.; and the 
sea-Ierel would In consequence «nk to the line 2, ', 
exacll}' balanced hollow would fail to preserve the l>alcmc& 

And so I cannot continue to hold as a first principle^ 
that the line of the sea-level is a. fixed and stnhle Une^ 
seeing that ere I could do so I would have to believe, ^rsli 
that the earth's radius has undcrg;onc no diminution sincd 
the earliest geologic periods in which an ocean existed ^; 
eecotid, that for every elevation which takes place on the 
sur&ce of the globe there takes place a coiTeEponding" 
depression upon it elsewhere ; third, that if the elevation 
takes place within the bed of tlie sea, the depression aUa 
takes place within the bed of the sea ; and, fourth^ tha| 
the elevations and depressions bear always a nicely-adjusted 
proportion to each other in their coolents, — diQerenl «t 
two different stages of their formation, — being up to ■ 
certain point exactly as one to one ; and after that poinf 
has been readied, exactly as one to two. And I ( 
no adequate groimds for believing all this. But though ^ 
bo thus far from self-evident that the mean level of tbts 
ocean is a fixed line, its rises and falls mnst have beaO) 
slight indeed compared with those of the land. Tbei^ 
are some of the Alps more than fifteen thousand feet i 
height; but, if spread equally over Europe, they woid^ 
raise the general surface, says Humboldt, little more thai 
twenty-one feet. And the displaced masses of Uie o 
whether occasioned by the rising or the sinking of c 
nents, have always to bo spread over a surface titnai 
greater than that of all the l.ind. A displacement, how< 
ever, effected by the sinking of a continent which bore a 
large a proportion to the ocean as that borne by tho AJp 
to Europe, -would lower the general sea-line &oni ) 
mean level of by far the best-marked of our ancient OOi 
lines to the mean level of the existing one. 
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'THE CHAIN OF CAUSES. 



" It IB no recent discovery," says an ingenious French 
rriter of tlie last century, "that there is no effect without 
I cause, and that often the smallest canscs produce the 
t effects. Examine the situations of every people 
Kin earth ; — they are founded on a train of occnrrenoes 
mingly without connection, but all connected. In this 
immense machine all is wheel, pully, cord, or spring. It ia 
She Bame in physical nature. A wind blowing from the 
BoQtbeni seas and the remotest parts of Africa brings with 
t a portion of the African atmos]ihere, which, falling in 
»wers in the valleys of the Alps, icrtilizea our lands. 
1 the other hand, our north wind carries our vapors 
Uiong the negroes : we do good to Guinea, and Guinea 
I ufl. The chain extends from one end of the universe 
I the other." 'Waiving, liowever, for the present, the 
ttoral view of the question, I may he permitted to present 
f readers with an illustration of the physical one, — i. e, 
ihe dependence of the conditions of one country on the 
jonditions on which some other and mayhap very distant 
intry exists, — which may be now to somo of them, and 
rbich the Frenchman just quoted could have little antici- 
^ted. 

" Wlien in the island of Bute, to which I had gone on 
^o several occasions in the course of a few weeks, in 



order to examine what are known to geologists ne ihs 
Pleistocene deposits of the Kyles, my attention t 
rected to a deep excavation which had just been opened. 
for the construction of a gas tank in the midflle of lbs 
town of Rothesay. It was rather more than twenty feet 
in depth, and passed throngh five different layers of ««!• 
First, passing downwards, there oecnrred about eighte«» 
inches of vegetable mould, and then abont seven feet of* 
partially consolidated ferruginous gravel, which rested M 
about eighteen inches more of peat moss, — once evidenllj 
a Burface soil, like the overlying one, though of a differcal 
character, — abounding in what seemed to bo the 6 
ments of a rank underwood, and confcuning many htiA 
nuta. Beneath this second eoil there lay fully nine feet ti 
finely stratified sea-sand ; and under all, a bod of k 
ceoua clay, which the workmen penetrated to tho dejil 
of about two feet, but, as they had attained to tho reqwMi 
depth of their excavation, did not pass through. And 111 
bed of clay, at the depth of fully twenty feet from 6 
Burface, abounded in sea-shells, — not existing in the psCd 
fied condition, but, save that they had become somewlil 
porous and absorbent, io their original state. Not a 6 
of them retained the thin brown epidermis, unchanged 1 
color; and the gaping and boring shells, whose nattm. 
is to burrow in clay and sand, and which were prei 
among them in two well-marked species, occupied, 
shown by theb' position, the place in which they h 
lived and died. Now, of these ancient deep-lying c! 
though a certain portion of them could be reuognited. 
still British, there were proportionally not a few that 1 
longer live within the British area; — in vain might t 
conchologist cast dredge for them in any sea that ginll 
the three kingdoms ; and the whole, regarded as agroi 



iffer from any otlier tbat exists in Europe in llic present 
ay. Ere, however, I pass on to decipher the record 
rhioh they form, or translate into words the strange old 
Jre-historic facts with, which they arc charged, let me 
Ijriefly refer to the overlying deposits, and the successive 
■enods of time which they seem to represent. 

The upper layer of vegetable mould here fully exhausts 
9ie historic period. And yet the fine ohl town of Rothe- 
Ijiy is not without its history. The ancient ivy-clad castle 
f the place is situated scai-ce a minute's walk from the 
activation ; the same stratum of vegetable mould lies 
mund that forms the upper layer in the pit, furnishing 
fioh footing to shrub and tree ; and its great moat, de- 
tnted long since by the waters, was excavated of old in 
p)fl ferruginous gravel. And yet, though compared with 
le age of the gravel-bed on which it stands, the date of 
i erection is as of yesterday: history fails to trace its 
igin ; we on!y know that it was already an important 
tronghold in the days of Haco of Norway, one of whose 
aaptains besieged and took it, — that Robert IH. of Scot- 
land died broken-hearted within ita walls, — and that it 
[till furnishes with his second title the heir-apparent of the 
British throne. On many other parts of the coast, though 
apparently not here, this gravel-bed contains shells, all of 
nrhich, unhke those of the arenaceous clay beneath, still 
e around our shores, and most of which occurred, ere the 
t upheaval of the land, as dead shells oo the beaches of 
Uie old coast line. The old line itself; against which the 
a seems to have stood for ages ere the final ujiheaval, is 
Resent here immediately behind the town, in an emi- 
Wntly characteristic form. Its precipices of rough con- 
(lomerate still exhibit the hollow lines, worn of old by 
bo surf, and occupy ^uch places in relation to the build- 
38 



ings bcluw as prove tliat even tlie oldest ei-ectlons of llij 
town, with the firsl beginnings of the castle, were all raisei 
on one of its wavc-tleserted beaches. But the annals o 
Rothesay, notwithstanding their respectable antiquity, 0| 
even Bnc;h memorials of hnman origin in the neigliborhow 
as altogetlier extend beyond the memory of hiatoiy, i 
vance but comparatively a little way towards the i>eno 
of the old coast line and the last upheaval. Whei 
times of Julius Ciesar, EHodorus Siculna wrote hia big got 
Sipping history, St. Michael's Mount, in Cornwall, was c 
nected with the mainland at low w^ater as it ia now, — 
feet good in evidence to show that since that age th 
respective levels of land and water have not altered i 
Britain. The old coast line must have been ; 
upheaved when Cfeaar landed in the island. And ye 
though, as showni by its profound caves and deeply e 
cavated hollows, the sea must have beaten against it do 
ing an immensely ■ protracted period of depression, the! 
existed a previous ]>eriod of upheaval, represented by tb 
layer of moss at the bottom of the gravel, when the I 
must have stood considerably higher over the eea-lev^ 
than it does now. In many localities around tlie sho« 
of Britain and Ireland, the mosa-bed which so often nnde 
lies the bed of old coast gravel ia found to run out unda 
the sea to depths never laid bare by the tide ; and yet, t 
least as low as the sea ever fulls, it is found bearing i 
stumps and roots of bushes and trees of existing speraef 
that evidently occupy the place in which they had c 
nally grown and decayed. These submerged mosses, I 
they are termed, occur along the aides of tlie Friths o 
Tay and Forth, and in at least one locality on the eouthei 
side of Moray Frith j on the west coast they lie deep J 
lochs and bays ; they occur on various parts of the coas 



of IrelaiiLl ; and off the shores of EiTia and Tyrawly hrive 
furnished a baaia for strange legends regarding an en- 
chanted land, which once in every seven, years raises its 
lead above the water, gi'con with forests and fields, hat 
■on ivhich scarce any one has succeeded in landing. They 
occur also on the English shores, in one interesting in- 
Btanco in the immediate neighborhood of that St. Michael's 
Monnt which, frqm the description of the Sicilian historian, 
famishes a sort of negative measure of the period during 
which the gravel bed immediately over them was elevated. 
^On the strand of Mount's Bay, midway between the pici-s 
f St. Michael's Mount and Penzance, on the 10th of Jan- 
uary, 1757," says Borlase, in his " Niitural Ilistory of Corn- 
wall," "the remains of a wood, which anciently must have 
covered a large tract of ground, appeared. The sanrls had 
been drawn off from the shore by a. violent sea, and had 
left several places, twenty yai-ds long and ten wide, washed 
bare, strewed with stones like a broken causeway, and 
Wrought into hollows somewhat below the rest of the 
This gave me an opportunity of examining the 
following parts of the ancient trees: — In the first pool 
part of the trunk appeared, and the roots in their whole 
course, eighteen feet long and twelve wide, were displayed 
1 horizontal position. The trunk at the fracture was 
^ed ; and beside the level range of the roots which lay 
round it was part of the body of the tree, just above 
i the roots divided. Of what kind it was there did 
cmain enough positively to determine. The roots 
•were pierced plentifully by the teredo or anger worm. 
Thirty feet to the west we found the remains of another 
le ramifications extended ten feet by sLt ; there 
■ Was no stock in the middle ; it was therefore part of the 
T or bottom roote of the tree, pierced also by tho 
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tpreilo, an<I of the samo tosturo as tUe first. Fifty feet 1o 
tho north of tlio firet tree we found pnrt of a lai^ oak : it 
waa the body of a tree three feet in diameter ; its top in- 
clined to the east. We traced the body of this tree, as it 
lay shelving, the length of seven feet ; bnt to what further 
depth the body reached we conld not discern, because of 
the immediate influx of water as soon as we had made S 
pit for discovery. It was firmly rooted in earth six inchca 
from the surface of tho sand. Not so fixed was the Stoci: 
of a willow tree, with the bark on, one foot and a half in 
diameter, within two paces of the oak. The timber was 
obanged into a ruddy color ; and hard by we found part 
of B haKel-branch, with Its glossy bark on. The earth ift 
all the tried places appeared to be a black, cold mi 
filled with fi-agmenta of leaves of the J'tmcua aguaticud 
maximua. The place where I found the trees was thrsfl 
hundred yards below full sea-mark. The water Is twelve 
feet deep upon them when the tide is iu." It will be seen 
from this description, — and it agrees with that of our 
submerged forests of the period generally, — that the trees 
which grew on this nether soil, when the level of the land 
Btood considerably higher than it does now, were exactly 
those of our present climate, — a fact borne specially out 
by the numerous hazel-nuts which tho deposit almost 
everywhere contains. The hazel is one of the more deli- 
cate indigenous trees^of the country. It was long ago 
remarked in Scotland by intelligent farmers of the old 
school, that "a good met year was always a good oat year;* 
and that "as the hwS filled the oat filled." And now our 
philosophical botanists confirm the trutlifulnoas of the ob- 
servation embodied in these proverbial sayings, by select- 
ing the hazel as tho indigenous pl.mt which most nearly 
i-esembles in its constitution the hardier cereals. It rises 
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on our hill-siiles to Iho height, but no higher, to wliich 
enttivalion extenJs; and wliere the liaael wonld fail to 
grow, checked by the severity of the cliniate, it would be 
in vain to attempt rearing the oat, or to expect any very 
considerable return from either rye or barley. The exie- 
tence of hazel-nutB, then, in this mossy stratum, ia frauglit 
with exactly the same sort of evidence regarding the cli- 
mate of that period of upheaval which it represents, as 
that borne by the shells of the overlying gravel to the 
.subsequent period when the sea stood against the old 
coast line. Equally during both periods our country pos- 
sessed its present comparatively genial climate, — the finest 
enjoyed by any country in the world situated under the 
same latitudinal lines. But the bed beneath gives evi- 
dence of an entirely different state of things. 

Under the stratum of moss, as we have already said, 
■there occurs in the Rothesay pit a thick bed of stratified 
sea-sand, and under the sand a bed of clay charged with 
shells ; and these shells csist no longer as a group i 
British seas. Regarded as characters charged with the 
climalal history of the period that represents the stratum 
in which they occur, the following list, with the attached 
exiilanationa, may be regarded as indicative of the mean- 
ings which they bear. We may mention, that the greater 
number of the specimens specified were collected in the 
pit after our first visit to it, by Mr. John Richmond of the 
Temperance Hotel, Rothesay, to whose inteUigent guidance 
and direction the geologic traveller, desirous of cultivating 
an adequate acquaintance with the Pleistocene deposits of 
the island in the least possible time, would do well to c 
mit himself! 

33* 
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Katica deaaa. 



Drophon scxilariforme. 



Bucdnum Humphreysiemum, 



Drochus injlatus, 

Undescribed natica, 
Trqphon dathratus, 
Littorina rudis, 
Tdlina proxima, 



Saxicava stdcaia, 
Mya UddevaUensis, 



Undescribed modioUif 



Mya truncata, 
Saxicava rugosa, 
Lucina flexuosa, 
Astarte compressa, 
Nucida Nucleus J ^ 



Not now a British species, but fonnd living 
in the North Sea as far as Spitzbergen, 
and on the shores of boreal America. 

Not now British, bat living in the same 
boreal seas as the other. 

One of the rarest of British shells. "It 
appears," say Messrs. Forbes & Hanley 
in their history of the British MoUoscu, 
"to be an arctic form lingering in our 
fauna." 

Not now British; existing habitat unascer- 
tained. 

Ditto: % ditto. 

British ; but also boreal. 

Ditto: ditto. 

Not yet found living in the British area, 
but abundant on the coasts of Greenland, 
boreal America, etc. 

Not now British. 

Now deemed a variety of Myatruncata, but, 
save that it was found in one instance by 
Dr. Fleming among the Shetland Islands, 
not a British, but a boreal variety. 

Not now British : existing habitat unascer- 
tained. 



British; but also boreal. 



Such were the shells found in the arenaceous clay-bed 
of the Rothesay pit, full twenty feet from the surface; and 
from where, in various other parts of the country, the 
same bed has been reached by excavations, or found crop- 
j)ing out along the shores, the list has been greatly in- 
creased. At Balnakaille Bay, for instance, in the Kyles 
of Bute, where Mr. Smith of Jordanhill, — one of our 
highest authorities on the Pleistocene formation, — first de- 



tectcft the deposit, we found several specimens of tbc Fec- 
tm Islandicus, — a fine shell, which, though abundant on 
the coast of Lahrador, lias not been found living on those 
of Britain; with Bpeciniens of Famqiea Nbrwcgica, — a 
massive shell, of the same boreal charaeter, recently, how- 
ever, found on our coast; though such its exti-eme rarity, 
that a couchological fiiend tells us he was hitcly offered a, 
British specimen for sale, at the not very moderate price 
of two pounds ten shillings. Even in the instance in 
which the siiells are not only British, but also not of ex- 
treme rarity, the proportions in which they occur in the 
beds are cei-tiinly exotic. Aslarle elliplica, for instance, 
is by no meajia a common Astarte in the Scottish seas, nor 
is it all known in those of England or Ireland ; whereas 
in Greenland it is very abundant ; and in tliose beds in 
which it is the prevailing Astarte, it is in the Greenlandic, 
not in the Scottbh proportions, in which it occurs. In 
the same way Ci/prina Islandica, though comparatively 
rare in the Frith of Clyde, is not rare in the Scottish seas 
generally ; but it is in the seaa of Iceland, as its name im- 
phes, that it attains to its fullest numerical development; 
and in the Pleistocene beds of the Clyde it is in the Ice- 
landic, not the Scottish proportions, that we find it. The 
same remark applies to Cardium N'orwegica and Astarte 
compressa, with not a few others ; and stiU more strongly 
to another Astarte, not rare in the Pleistocene, deposits of 
St least Banffshire and Caithness, but so exceedingly rare 
as Scottish in the present age of the world, that the late 
Professor Edward Forbes, — indefatigable dredger as he 
was, — had to borrow from a friend the Scottish specimen 
which he figures in his great work. But though of such 
Tinfrequent occurrence in the Scottish seas, it is common 
3t1 those of Nova Zemhla and within the Arctic circle] 



and it is in tlio proportions in which it is developed in th*" 
liigh latitudes that ve now find it in the Pleistocene bodfl 
of Scotland. 

But how interpret so cnrions a fact as 
this country of beds of eheUa (evidently occupying I 
place in which they had lived and died) whose proper cli 
mEital hiibitat is now some ten or fifteen degrees farther ({ 
the north? There is nothing more fixed than the natud 
of B])Gcies. Art, within certain limits exerts an acclimatii 
ing power ; Alpine plants may be found, for instance, Mi 
ing, if not flourishing, within the Botanic Gardens ( 
Edinburgh, elevated scarce a hundred feet above the lev* 
of the sea ; but every scientific gardener knows how ei 
tremely difficult it is to keep those alive in the too genii 
temperatui'c of sitnation greatly lower than tlie one d 
ral to them ; and that while intertrojiical plants may h 
easily maintained in existence Ihi-ough the judicious appB 
cation of artificial heat, the Bub-aretic or Alpine plants ai^ 
ever and anon dying out. And never do thoy so chang 
their natures as of themselves to propagate their Mnd down* 
wards from the hill-tops to the plains. They on no occm 
sion violate the climatal conditions imposed upon them b 
nature. It is so also with the animal world, and especiall 
with shells. There are sheila reckoned British, so i 
catcly sensible of cold, that their northern limit bard 
touches the southeiii shores of Britain. That fine bivalv 
Oytherea ckione is one of these, never getting farther not 
than Caernavon Bay; Cardium ruaticum, so graphicaU 
described by Mr. Kingsley in his " Glaucus," under th 
style and title of Signor Tuherculato, is another, ran] 
ing southward to the Canaries, but bnrely impinging, i 
Its northern limits, ou the shores of Devon and Cornwall 
»>jd our splendid Haliotns, or car-shell, H. tuberctdalt 



though reckoned Eiitish by courtesy, docs not even touch 
.the British shores, but finds its iiortliern limit at the Chan- 
nel Islands. Nor are tiie northern sliells more tolerant of 
*arm than the southern ones of cold water. We have 
mdy referred to Astarte elUptica as finding its southern 
J of bonndaiy on the Scottish coasts; Pecten Niveus 
B not occurred to the south of the Frith of Clyde ; and 
TrocMis undtdatus, though it ranges to Greenland, barely 
veaches our northern and western shores. Such and so 
utoe is the dependence of Bhells on conditions of tempera- 
' tnre, and such and so nice is their restriction to climatal 
areas. Nor could they have had a different nature in tho 
past. How, then eonld the cold Hat/ca clausa and Tro- 
'^^/on acalariforms of Spitzbei^en and boreal America, and 
iifce Tdlina proxima anA Mi/a Uddevallenaia of Greenland 
.and the North Cape, have been at one time living deni- 
!«n8 of the bay of Rothesay? Under wh.it Btrange cir- 
cimiBtances could whole scalps of the Pecten Islandimta 
have thriven in the Kyles of Bute, accompanied by groups 
(rf boreal Saxicava, that dug themselves houses in the 
Miff elay, and massive Panopea, that burrowed in the 
mnd? The inland of Bute is famons for now possessing 
perhaps the finest climate in Scotland ; exotics b!ow in its 
gardens and shrubbenes, that demand elsewhere the shel- 
ter of a greenhouse ; and yet there was a time when, 
judging fi-om the extreme boreal character of its sheila, it 
pined under a severe and nngenial climate, in which even 
the hardier cereals could not have ripened. How account 
far a state of things so very unlike the present? 

Questions in natural science cannot bo resolved with all 
;hc certainty of quoBtions in astronomical or ra.itheinnlical 
r Bcience. Adams and Le Verricr could not only infer from 
^^G distarbanees of Urauua the existence of a hilherio uu- 
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known planet, but even indicate its place in the heavens. 
But though the varying climatal circumstances of our 
country, and of northern Europe generally, seem to have 
depended scarce less surely on the varying physical condi- 
tions of another country three thousand miles away, than 
the irregularities of the planet Uranus did upon the mass 
and position of the planet Neptune, we question whether 
any amount of skill, or intimacy of acquaintance with the 
phenomena, could have led to an a priori anticipation of 
the fact. We shall afterwards show, however, that the cli- 
mate of northern Europe is mainly dependent on the condi- 
tions of northern America ; and that one certain change in 
its condition gave to our country the severe climate which 
obtained when Natica clazesa and Tellina proxima lived 
in the bay of Rothesay ; and that it is a result of another 
certain change in its condition, that the delicate fuschia 
now expands its purple bells in Bute on the soil by which 
great deep-lying accumulations of these sub-arctic shells 
are covered. 

Let us first remark, that during the period of the boreal 
shells the land was greatly depressed. The subsequent de- 
pression — that represented in the Rothesay excavation by 
the upper gravel-bed, — that which succeeded the age of 
the submerged mosses, — that during which the waves 
broke against the old coast line, — seems to have been 
restricted to a descent of some thirty, or at most forty, feet 
beneath the level which the land at present maintains; 
whereas the previous depression — that represented by the 
bed of arenaceous clay and the boreal shells — must have 
been a depression of many hundred feet. No such infe^ 
ence, however, could be based on any of the Bute deposits 
which we have yet seen ; and yet we might safely con- 
clude, even from them, that when the deep-sea shells lived 



wo now find them, the land must Lave sat compar- 
ily low in the water. When scaipa of Pecten Jdand- 
throve on the argillaceous bed cut open above tide- 
.*rk by the little stream which falls into Balnakailiie Bay, 
And noble Panopea burrowed in its stiff clay, Bute must 
have existed, not as one, but as three islands, separated 
from each other by ocean Bounds occupying the three val- 
leys by which it is still traversed from side to side. lu the 
neighboring mainland many a promontory and peninsula 
must liave also existed as detached islands. The long 
promontory of Cantyre and Knapdale, traversed by open 
Bonnds at Tarbert and Ci-inan, must Jiave formed two of 
these ; the larger part of the shii'e of Dumbarton, cut off 
from the main land by straits passing inwards through the 
valleys of the Leven and of Loch Long, must also have 
borne an insular character; Loch Lomond must have ex- 
isted, not as a fresh-water lake, but as an interior sea; 
and, in fine, the whole geography of the British islands 
must have been widely different from what it is now. 
There are other localities, however, in which, from the ele- 
vation of the boreal shell-bed over the present sea-level, 
we ai'e justified in inferring that the depression of the land 
must have been much gi-eater than that indicated by the 
beds of Bute. The same bed, and containing the same 
shells, was laid open in forming the Glasgow and Greenock 
Itailway, a little to the west of Port Glasgow, at an eleva- 
tion of about fifty feet over the high-water line. It was 
detected at Airdrie, about fifteen miles inland, in the first 
instance, at a heiglit of three hundred and fifty feet over 
the sea, and subsequently at the still more considerable 
height of five hundred and twenty-four feet. We our- 
aeivea have disinterred the same shells from where they 
rested, evidently in situ, in Banffihire, — on the top, in 



oiie instanuo, of a giJily cliff, derated two hundred 
thirty feet over the beach, — in auother, lying deep in 
side of a. valley onoe a long withdrawing frith, but noi 
fiilly six miles from the sea, and raised about a huodra 
and fifty feet above it. In Caithness they have beoi 
tccted by Mr. Robert Dick at the greatest heights to n 
the boulder-clay, attains; they occur also at very c 
able heights in the boulder-clay of the Isle of Mj 
were found by Mr. Trimmer in the drift of Moel Try 
in North Wales, at the estraordinary elevation < 
sea of fifteen hundred feet. When the boreal ehells I 
Airdrie lived, Scotland must have existed as a wintry arci^ 
pelago, separated into three groups by the oceanic w 
of the great Caledonian Valley, and of the low flat v 
now traversed by the Union Canal, which extends betwe^ 
the Friths of Forth and Clyde. And when the shells a 
Moel Tryfon lived, only the higher parts of the Highlandj 
of Scotland, and of the Cheviot and Lammeraioor groDpl 
could have had their heads elevated over the wintry ii 
laden seas of the Pleistocene ages. There are grounds Aj 
holding that the period, though one geologically, yt 
vast extent, — that the degree of submergence was g 
at one time and less at another; or, more strictly spe 
that the commencement of the period was one of g 
ual depression in the British area, — thai about itH iui4 
die term all was submerged, save the hill-tops and 1 
table-lands, — and that our country then began gradnalH 
to rise, until, about the close of tlie wintry eon, its lev* 
was mayhap scarce a hundred feet lower than it is I 
present. But though comparatively greater and IbbS I 
different times, there seems to have been no time c 
the period, in which the depression was not absolot* 
great 




Let ua next remark, as very important to our argument, 
that not only was the period one of depression in tlie Brit- 
ish area, hut also very cstensively in the northern hemi- 
sphere generally. The shell-beds of TJJdevalla — identi- 
cal in the character and species of thciv orgauisma with 
those of tSie Clyde — are olovated two hundred feet above 
the neighboring Cattegat; and in Russia Sir Roderick 
Murchison detected similar beds in the valley of the Dwina, 
lying nearly two hundred miles south-east of Archangel, 
and at least a hundred and fifty feet over the level of the 
White Sea. It ia not imintereating to mark, in the list of 
shells given by Sir Roderick in Lis great work on Russia, 
nod which were the jirodoct, he states, of not moi-e than 
two hours' exploration among these far inland beds, exactly 
the names of the same specica that occurred in the Rothe- 
say excavation, or may be found in the Pleistocene depos- 
its of the Kyles. We recognize as the prevailing forms, 
Jfatica clausa, J'ecten Islandicus, Astarte dlipiica, As- 
tarte compressa, Mya truncata in both its boreal and more 
ordinary varieties, and Teilina proximo, with many others. 
The inscriptions borne by the Pleistocene of both Sweden 
and Russia are formed of the same character as those ex- 
hibited by the Pleistocene of our own country, and tell 
exactly the same story. But it is of still more importance 
to our argument, that the Pleistocene of America is also 
inscribed with simUar characters, and is coupled with sim- 
ilar evidence. Shell-beds identical in their contents with 
those of the Clyde, TJddevalla, and the valley of the 
Dwina, have been detected in the neighborhood of Que- 
bec, at the height of two hundred feet over the Atlantic, 
and traced onwards by Mr. Logan, the accomplished state- 
geologist for the Canadas, to the height of four hundred 
and sixty feet. And in these American beds, separated 
34 
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from those of the Dwina by a hundred and twenty degrees 
of longitude, Pecten Jslandicus, Natita clausa^ M\ja trun- 
cata, Saxicava rugosa^ and Tellina proxima, are the pre- 
vailing forms. How very wide the geographic area which 
these shells must have possessed of old ! A depression of 
the North American Continent to the amount of but four 
hundred and sixty feet would greatly affect its contour. 
It would cut it off from South America (the highest 
point over which the Panama Railway passed was but two 
hundred and fifty feet over the level of the sea), and 
unite the Atlantic and Pacific Oceans by a broad channel, 
more than thirty fathoms in depth. But from various 
other appearances the American geologists claim for their 
country a much greater depression than even that of Moel 
Tryfon in Wales. It must have been depressed at least two 
thousand feet, and a wide sea must have passed through 
the valley of the Mississippi into what is now the Lake dis- 
trict, and from thence into Hudson's Bay and the Arctic 
Seas. And now, let the reader mark the probable effects 
on the climate of Northern Europe generally, and on that 
of Britain in particular, of so extensive a submergence of 
the American Continent. 

No other countries in the world situated under the same 
lines of latitude enjoy so genial a climate as that enjoyed 
by the British islands in the present day. The bleak 
coasts of Labrador lie in the same parallels as those of 
Britain and Ireland ; St. John's, in Newfoundland, is situ- 
ated considerably to the south of Torquay in Devon ; and 
Cape Farewell, in Greenland, to the south of Kirkwall, 
the capital of the Shetland Islands. But how very differ- 
ent the climate of these bleak occidental lands, from that 
which renders Great Britain one of the first of agricul- 
tural countries! At Nain, in Labrador, situated in the 



same latitude ns Edinburgh, the groiind frost at tlic depth 
of a few feet from the sui-faoe never thaws, but forms an 
angenial rock-like subsoil, agrtinst wliich the laborer breaks 
i tool, and over which the cereals ftul to ripen. From 
e noithem coasts of Newfoundland, though lying under 
the same latitudinal lines as the extreme south of England, 
there forms in winter a thick cake of ice, which, binding 
Bp the stormy sea, runs northwards and eastwards, and 
connects, as with a long bridge, the nortli of Iceland with 
Aie north of Newfoundland; thus constituting a natural 
iBothermal line, which shows that t!ie European island has 
mot severer climate than the American one, though it 
ies more than ten degrees farther to the north. And be 
t rerciembcred that, did climate depend exclusively on a 
country's latitudinal position on the map, and its distance 
1 the Bun, it is the climate of Northern America that 
tronld he deemed the ordinary and proper climate, and 
tbat of Northern Europe the extraordinary and excep- 
lional one. Britain and Ireland owe tlie genial, equable 
vacmth that ripens year after year their luxuriant crops, 
nd renders their winters so mild that the sea never freezes 
fuvnnd their shores, 7Wt, at least directly, to the distant 
Like apartments heated by pipes of steam or hot 
-water, or greenhouses heated by flues, they derive their 
warmth from a healing agent laterally applied ; they ai-e 
heated by waiTu water. The great Gulf Stream, which, 
: from the Straits of Florida, strikes diagonally 
i the Atlantic, and, impinging on our coasts, casta 
Upon them not unfreqnently the productions of the West 
jidics, and always a considerable portion of the warmth 
f the West Indies, is generally recognized as the heating 
gent which gives to our country a climate so much more 
lild and genial than that of any other country whatever. 
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similarly situated. Wherever its influence is felt, — and 
it extends as far north as the southern shores of Iceland, 
Nova Zembla, and the North Cape, — the sea in winter 
tells of its meliorating effects by never freezing ; it remains 
open, like those portions of a reservoir or canal into which 
the heated water of a steam-boiler is supposed to escape. 
In some seasons, — an effect of unknown causes, — the 
Gulf Stream impinges more strongly against our coast 
than at others: it did so in 1775, when Benjamin Franklin 
made his recorded observations upon it, — the first of 
any value which we possess ; and again during the three 
mild winters that immediately preceded the last severe 
one, — that of 1855, — and which owed their mildness 
apparently to that very circumstance. It was found dur- 
ing the latter seasons that the temperature of the sea 
around our western coasts rose from one and a half to two 
degrees above its ordinary average ; and it must be remem- 
bered how, during these seasons, every partial frost that 
set in at once yielded to a thaw whenever a puff of wind 
from the west carried into the atmosphere the caloric of 
the water over which it swept. The amount of heat dis- 
charged into the Atlantic by this great ocean -current is 
enormous. "A simple calculation," says Lieutenant Mau- 
ry, "will show that the quantity of heat discharged over 
the Atlantic from the waters of the Gulf Stream in a win- 
ter day would be sufficient to raise the whole column of 
atmosphere that rests upon France and the British Islands 
from the freezing point to summer heat." " It is the influ- 
ence of this stream upon climate," he adds, 'Uhat makes 
Erin the Emerald Isle of the sea, and clothes the shores 
of Albion with evergreen robes ; while, in the same lati- 
tude, on the other side, the shores of Labrador are fast 
bound in fetters of ice." 



A OUOLOQIST 8 POaTFOLIO. 

Now, a depression beneath tiie sea of the North Ameri- 
can coDtinent woulil have tlie effect of depriving northern 
Europe of the benefits of this greut heating cun-eDt. Ito 
origin has been tracecl to various causes, — some of them 
very inadequate ones. It has been said, for instance, that 
It is but a sort of oceanic prolongation of the Mississippi. 
It has been dcmonBtrated, however, that it discharges 
through the Straits of Florida about a thousand times 
more water than the Mississippi does at its mouth ; and 
yet, even were tlie case otherwise, and the \-iew correct, 
any great depression of North America would cut off tlie 
^lississippi from among the list of great rivei's, by convert- 
ing the valley which it occupies into a sea, and would thus 
terminate the existence of the Gulf Stream. The Stream 
has, however, a very different and more adequate ori^n, 
but one which the depression of the North American Con- 
tinent would equally aftect. It is a reaction on the great 
Drift Current. If the reader take a cup or basin filled 
with water, and blow strongly across the surface of the 
fluid, two distinct currents will be generated, — a drift 
current, which, flowing in the direction of his breath, will 
impinge against the opposito sido of the vessel, — and a 
reactionary current, which, passing along its sides, will 
return towards himself. And nothing can he more obvi- 
ous than the principle on which tiiis occtu«. The drift 
current, more immediately generated by his breath, heaps 
np the water against the side of the vessel on which it 
impinges ; and this heaped-up water must of course inevi- 
tably seek to return to the other side, in order to restore 
the deranged equilibrium of level. Now, the Northern 
Atlantic, — the Atlantic to the north of the equator, — 
displays on an immense scale exactly the phei 
hibited by this simple experiment of the cup or basin. 
3** 
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The breath of the trade-winds, ever blowing upon it from 
the east and north-east, in that broad belt which lies be- 
tween the tenth and the twenty-sixth degrees of north 
latitude, forms a great drift current, which, impinging on 
and heaping up the waters against the South American 
coast, — the opposite side of the cup or basin, — flows 
northwards into the Caribbean Sea and Mexican Gulf, 
and, issuing from the Straits of Florida in the character 
of the reactionary Gulf Stream, strikes diagonally across 
the Atlantic full on Northern Europe. But the existence 
of this reactionary stream is not merely and exclusively a 
consequence of the existence of the Drift Current : it is 
also equally a consequence of the existence of an Ameri- 
can continent. Save for the side of the basin or cup oppo- 
site to that whence the breath comes, the water, instead 
of returning in a reactionary current, would flow over. 
Such a wide breach in the sides of the cup along the Isth- 
mus of Panama, for instance, as a depression of but four 
hundred and sixty feet would secure, would permit the 
Drift Current to flow into the Pacific. Such a wide breach 
in the sides of the cup along the valley of the Mississippi 
as a depression equal to that indicated by the shells of 
Moel Tryfon would secure, would permit the reactionary 
Gulf Stream, though already formed, to escape, along wliat 
is now the lake district of America, into Hudson's Bay. 
In either case the Gulf Stream would be lost to Northern 
Europe; and the British Islands, robbed of the Gulf 
Stream, would possess merely the climate proper to their 
latitudinal position on the map; — they would possess such 
a climate as that of Labrador, where, beneath seas frozen 
over every winter many miles from the shore, exactly the 
snme shells now live as mny be found, in the sub-fossil 
st.'ite, in the Kyles of Bute, or underlying tlie pleasant 
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town of Rothesay. A siibracrgcnco of the North Anioi'i- 
cnn Continent would give to Britain and Ireland, with the 
countries of Northern Europe generally, what they all 
seem to have jiosseBsetl during the protracted ages of the 
Pleistocene era, — a glacial climate. 

If our conclusions be just, — and we see not on what 
grounds they are to bo avoided, — our readers will, we 
dare say, agree with ub that it would not he easy to pro- 
duce a more striking illustration of the influences whith 
are at times exerted by the conditions of one country ou 
those of another. Our brethren of the United States are 
occasionally not a little jealons of the mother countiy ; but 
Tve suspect all of thern do not know how completely they 
could ruin her could they but succeed in keeping their 
great Gulf Stream to themselves. It might be unwise, 
ilowcver, to urge matters quite so far, lest they should 
provoke us, in turn, to demand back again the large brains 
and high-mettled blood which we have most certainly 
given them. Such of our readers as occasionally enjoy a 
Hammer vacation on the west coast might find it no dull 
or useless employment to begin reading for themselves the 
shell inscriptions borne by the Pleistocene deposits. It 
■would at once form an excellent exercise in Conchology 
and a first lesson in Geology, which, from the interest it 
excited, would scarce fail to lead on to others. With their 
eyes educated to the work, too, they would find, we doubt 
not, the beds in many a new locahty in which they had not 
been detected before, and enjoy the same sort of pleasure 
in falling upon a fresh deposit, as that enjoyed by an Egyp- 
tian or Assyrian antiquary when he discovers a catacomb - 
of unrolled mummies never before laid open, or a series of 
sculptures or of ioscriptiotis in the cuneiform character, 
unseen since the days of Semiramis or Sennacherib. "W*- 



ourselves once enjoyed such a pleasure at Fairlie. 
laid opeD a noblo bed, pre\-iousIy unknown, about a quar 
ter of a mile to the north of the Tillage ; and from nmii 
great scalps of PccCen Islandicus, roughened 
upper valves by huge Ealouidse, and from beside thick 
lying groups of Cypinidie, wc disinterred many a curloi 
boreal shell, — great massive Panopea, graceful Veneride 
the Greenland Mya, and the Teilina of the North Capa 
and beneath all wc detected grooved and dressed rocl 
surfeces, that bore tbeir significant markings as freshly 
if the grating ice had passed over them bat yesterdai 
"We wonld apecLiIly call the explorer's attention to the 
roborattve evidence borne by appearances of mecliania 
origin such as these to the mute testimony of the shel 
We have already incidentally rcfen'ed to the intcrestil 
deposits of Balnakaillie Bay. A stream fidls into the 6 
at its upper extremity, and exhibits, in the section 
it supplies, a bed charged with the old boreal shells, Sri 
■where it creeps out along the beach, till where we Jose 
in the interior, far above the reach of the tide. AS" 
passes inwards, we find the old coast lino deposits resth 
over it ; in one place assuming the ordinary character ( 
a stratified sand and gravel ; in another existing as a ps 
tially consolidated conglomerate ; while immediately b 
neatb it, on the north side of the stream, the rock appes 
strongly marked by the old glacial dressings. The mi 
chanical and zoologic evidences of the existence of 
period of extreme cold tbua lying aide by side may \ 
studied together. But the district has its many such a\ 
pcarances. Not a few of the hills bear, in their roundc 
protuberances and smoothed and channelled hollows, & 
dence of the ice-agent that wasted them of old, and 1 
the valley of the Garelooh, only a few miles distant, II 



Charles Maclaren found unequivocal traces of an aocient 

But the collateral evidences TTOuld lead ns into a field 
quite as wide aa that into -wiiich we have made onr brief 
excursion, and are now preparing to leave. The following 
interesting extract from Mr. Kingalcy's Glaucua, with 
■which we conclude, may at once show how rightly to read 
these, and wliat very amusing reading they form. It is 
thus we find Mr. Kingsley accounting, in light and grace- 
fiil dialogue, for the formation of a profoundly deep lochan 
of limited area, that opens its blue eye to the heavens 
amid the rough wUderness of rocks and hills that encircle 
the gigantic Snowdon, 

You see the lake is nearly circular. On the side where 

stand the pebbly beach is not six feet above the water, 
Hud slopes away steeply into the valley behind us, while 
liefnre us it shelves gradually into the lake ; forty yards 
out, as you know, there is not ten feet of water, and then 
a steep bank, the edge whereof we and the big trout know 
■well, sinks suddently to unknown depths. On the oppo- 
dte side, that vast flat-topped wall of lock towers up 
shoreless into the sky seven hundred feet perpendicular. 
The deepest water of all, we know, is at its very foot. 
Right and left two shoulders of down slope into the lake. 
Now turn round, and look down the gorge. Remark that 
the pebble bank on which we stand reaches some fifty 
yards downward. You see the loose stones peeping out 
e\-erywhere. We may fairly suppose that we stand on a 
dam of loose stones, a hundred feet deep. 

But why loose stones? and if so, what matter and 
what wonder? There are rocks cropping out everywhere 
down the hill-side. 

Because, if you will take np one of these stones, and 
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crack it across, you will see that it is not of the some 
as those said rocks. Step into the next- field and 
That rook is the common Snowdon slate whiuh wt 
everywhere. The two shoulders of down right and h 
Kre slate, too; you can gee that at a glance. But 
stones of the pebble bank are a close-grained, yellow-api 
ted Syenite; and where, — where on earth did these Syi 
ite pebbles come from ? Let us walk round to the clifi' 
the opposite side and see. 

"Now mark. Between the cliff-foot and the slopi 
down is a crack, ending in a gully: the nearer side is 
slate, and the further side the cliff itself. Wiiy, the wht 
cJiff ia composed of the veiy same stone as the pebl 
ridge. 

" Now, my good friend, how did these pebbles get tin 
hundred yards across the lake? Hundi'eda of tons, soi 
of them three feet long, — who earned them across ? T 
old Cimbri were not likely to amuse themselves by malci: 
such a breakwater up here in No-man's-land, two thi 
sand feet above the sea ; but somebody or something mi 
have carried them, for stoueS do not fly, nor swim eithec 

" Let our hope of a solution be in John Jones, who 
ried up the coracle. Hail him, and Jisk what is on the 
of that cliff So? — 'Plains, and bogs, and another lini 
Very good. Now, does it not stiike you that thi 
cliff has a remarkably smooth and plastered look, like 
hare's run up an earth bank ? And do you see that it 
polished thus only over the lake ? that 
cliff abuts on the downs right and left, it forms pinn: 
caves, broken angular boulders ? Syenite usually does 
in our damp climate, from the weathering effect of fit 
and rain; why has it not done so over the lake? 
part something {giants perhaps) has been scrambling 



and down on a very large scale, and bo rubbed off every 
comer which wna inclined to come away, till the solid core 
of the rock was bared. And may not these mysterioua 
giants have had a hand in carrying the stones across the 
lake? . . . Really, I am not altogether jesting. Think 
nwhilo what agent could possibly have produced eiflier 
one or both of these effects? 

"There is but one; and that, if yon have been an 
Alpine traveller, much more if you have been a chamois- 
hunter, you have seen many a time (whether yon knew it 
)r not) at the very same work." 

"Ice! Tes: ice. Hrymin, the frost-giant, and no one 
jlse. And if you look at the facts, you will see how Ice 
may have done it. Our fi-iend John Jones's report of 
plains and bogs, and n hike above, makes it quite possible 
.that in the ice-ago (glacial epoch, as the big-word mongers 
'oall it), tliere was above that cliff a great neve or snow- 

li], such as you have seen often in the Alps at the head 
of each glacier. Over the face of this cliff a glacier had 
crawled down from that neve, polishing the face of the 
rock in its descent ; but the anow, having no lai^e and 
deep outlet, has not slid down in a sufficient stream to 
Teach the vale below, and form a glacier of the first order, 
and has therefore stopped short on the other side of the 
Jsilce, as a glacier of the second order, which ends in an 
ice-cliff hanging high upon the mountdn-side, and kept 
from ferther progress by daily melting. If you have ever 
gone up the Mer-dc-GIace to the Tacal, you saw a mag- 
nificent specimen of the soit on your right hand, just 
jDpposttc the Tacal, in the Glacier de Trelaporte, which 
comes down from the Aiguille de Cliarmoz," 

"This explains our pebble ridge. The stones which 
ihe glacier rubbed off the cliff beneath it, it earned for- 
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wards slowly, but surely, till they saw the light again in 
the face of the ice-cliff, and dropped out of it under the 
melting of the summer sun, to form a huge dam across the 
ravine ; till, the ' ice-age ' past, a more genial climate suc- 
ceeded, and neve and glacier melted away; but the 
' moraine ' of stones did not, and remains to this day, the 
dam which keeps up the waters of the lake. 

" There is my explanation. If you can find a better, 
do ; but remember always that it must include an answer 
to, — ' How did the stones get across the lake ? ' ^ 




PBEPABATIO»S 



The gentlemen of the hammer and cliisel must imme- 
diately prepare a Reform J3iU, and readjust their nomen- 
elatnre and classification. Both are uncouth and barbar- 
ous, as well as unscientific. Recent discovei 
unsettled almost every one of the characters and testa of 
the age of rocks. Old Werner's Transition class, thouglt; 
fomided to some extent on facta, has been long ago dis-< 
carded. But will hardness or crystalline structure, or the' 
absence even of organic remains, hitherto described as the 
grand features of the primitive class of rocks, now bear 
to be trusted aa essentiaha of classification 1 Every sam- 
mer'a ramble multiplies proofs to the contrary. The mera 
■vicinity of a trap-vein, squirted from its boiling caldron 
below, among the most sedimentary strata, has often baked 
them into liard crystalline masses, nod convci'ted mud-* 
IsankB charged with shells into beautiful granular marblej. 
as may be seen at Strath, in Skye, under the overlying' 
igneous rocks of the Cuchullins. And perhaps the time ii 
not far distant when it may be difficult to find i: 
of the globe any assemblage of rocka in which organism 
may not be detectcil, although Jieat, for the most part, has 

* See Introdoclorj' B&nmS, p 
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nearly obliterated them.* Again, a little more patient 
investigation, we expect, will blow to tbe winds many a 
fine theory as to the gradual devdopmerU of species, and 
will most likely show that at no former period was there 
an ocean replete with shells and worms low in the scale of 
organization, which had not on its shores a rich vegetation 
and a fauna abounding in reptiles, and perhaps birds and 
quadrupeds! Thus, when Hugh Miller wrote his "Old 
Red Sandstone," he described it as peculiarly a salt-water 
fish formation, in which there were scarcely any shells or 
vegetables, the feint traces of the latter which he had dis- 
covered being only markings of fucoids and similar sea- 
weeds. So for as then known, the Scottish Old Red 
Sandstone was the produce of a deep shoreless ocean, to 
which no decayed forests had been brought down by rains 
and rivers to become future coal-fields, nor on whose 

1 " Tho hypothesis," says Sir Roderick Murchison, in his newly-pub- 
lished edition of " Siluria," " that all the earliest sediments have been so 
altered as to have oljlitcrated the traces of any relics of former life which 
may have been entombed in them, is opposed by examples of enormously 
thick and often finely levigated deposits beneath the lowest fossiliferous 
rocks, and in which, if many animal remains had ever existed, more 
traces of them would be detected." 

"And yet," as ho again observes, " tho fine aggregation and unaltered 
condition of those sediments have permitted the minutest impressions to 
be preserved. Thus, not only are the broad wave-marks distinct, but also 
those smaller ripples which may have been produced by wind, together 
with apparent rain-prints, as seen upon the muddy surface, and even 
cracks produced by the action of the sun on a half-dried surface. Again, 
as a further indication that these are littoral markings, and not the results 
of deep-sea currents, tho minute holes left by the Annelides are most con- 
spicuous on the sheltered sides of the reptiles in each slab. 

*' Surely, then, if animals of a higher organization had existed in this 
very ancient period, wo should find their relics in this sediment, so admi- 
rably adapted for their conservation, as seen in the markings of the Uttle 
aivnicola, accompanied even by the traces of diurnal atmospheric action." 
— '• Siluria," pp. 20—27. L. M. 



ins anil laguaes disported llie amphibious crocodile 
■ or other allied genera, who could leuve the impress of 
their feet or tails on the soft mud or saud. The formation, 
in short, was considered very low down indeed, and near 
the base of the platform of rocks in which rest entombed 
remains of the earliest races of organized oreaturea. 
But what have the discoveries of the last six mootha 
established? Why, this, that the Old Ked Sandstone of 
'the east coast of Scotland is comjiai-atively a modern 
•formation, — much newer, at least, than the grand and 
lofty masses of tiie jiurple and red conglomerate of the 
' western coast, which they so greatly resemble, but upon 
TFhich Sir Roderick Murchison haa now proved that an 
sxtensive series of crystalline quartz-rocks, limestones, and 
■'micaceous schists repose all greatli/ older than Hugh MLl- 
■Jer's fish-beds ! The discovery a few years ago of a little, 
frog-like, air-breathing reptile in Morayshire (named the 
Tderpeton Elgin&nse), has been a bone of contention 
Among the savuns, because, according to past theories, it 
was not easy to admit that it could have lived at the date 
flf the deposition of the Old Red Sandstone ; and hence 
very grave doubts were expressed about it, and much 
anxiety shown to establish that it belonged to the car- 
'boniferous strata, or to a New Red Sandstone formation, 
which, if it did exist in our district, would he most valua- 
ble, from the salt and calcareous deposits in which it 
osually abounds. But within the last month or so, Sir 
Roderick Murchison, in company with the Rev. G, Gor- 
iion, of Eirnie, made transverse sections of the whole 
peries of Morayshire fl*eostones, ii'om the edges of the 
liooceona schist in the interior, to the maritime promon- 
lorieu of Burghead and Lossiemouth, which convinced 
i.em that the whole red and yellowish sandstones oft; 



pronoee "an bo Imud'I togetlier hy mineral cbaract< 
and IbssiJ remaiuii, ilut the)- toast all be grouped as 
JSMf or DecQnian." Naj-, more than Uiis, Ihe views of tfa 
IMrector-General of the Geologicsl Suirey have hceo eoa 
firmed luid extended by the iartiier discovery otfoot-prtiH 
in tbc Burghcad sandstone, not only of a small reptil 
like the TeIeq>eton, but of very large creatures, that a 
tlieir movements made enormous strides, and whose bosh' 
tails have left traiU more distinct than the largest seala O 
Otters could do! A well-known laborer in the 
deposits (S. H. Beckles, Esq.), whose discoveries, in Ih 
Parbeok and Wealden beds, of the jaw-bones of moa 
gigantic reptilia, have been cstensive and moat importanl 
has recently examined the sandstone qnanies at Bi 
head and Covesea, where he has discovered the mos 
undoubted foot,^?rinU of both large and small anintala 
and he has sent an extensive set of specimens to London 
to be laid before the Geological Society at its winter 
ings. Other foot-marhs (each having the impression of 
three or four claws to it) have lately been seen by Si 
Roderick, Mr. Martin, of Elgin, and Mr. Gordon, ant 
specimens communicated by Mr. P. Duff; so that, 
language of Sir Roderick Murchison's announcement tq 
the late meeting of the British Assodation at Leeds, " th( 
presence of large reptiles, as well as of the little Telerpft 
ton, in this upper member of the Old Red Sandstone^ 
completely CBtablislied." 

We have not room enough at present to point oat fiir- 
thor deductiont) from these facts, and from the discovery, 
about three yeai-s ngo, of Silurian fossils in the Southern 
Highlands and in Ayrshire. "We allude to them only to 
show that, as in the days of Ilutton and Phiyfair, the gran- 
Itu voibs wliiuli traverse m all dii'cctious the schists of Glon- 




A aiOLOmBTSPOBTFOUO. 

Tilt were the moaDS of establishing tbe iimptive and 
igneous origin of granite, bo Sootland again turns out to 

2 the battle-field of our men of science, and that very 
great many things may be expected from the explorations 
■which undoubtedly will be made, in connection with the 
next meeting of the association, to be held next autumn 
at Aberdeen, under the eye of the Prince Consort, and at 
which Sir Roderick Murchison, we are glad to understand, 
ia to take his place as yice-president in all the sections. 
He is the senior of the three pennanent trustees of the 
ABBOciation, and one of the founders of the body in 1831, 
of whom, strange to say, only five are now alive. In Sir 
David Brewster the science of the south of Scotland will 
te admirably represented and supported ; while Sir Rod- 
erick, a Ross-shire man, an alumnus of the Inverness Acad- 
emy (aye, and one who put shoulder to shoulder with the 
Highlandcra on Corunaa's bloody sod), will represent the 
land north of the Spey. 

K we might suggest to those who will take the lead in 
' the arrangemenla for the Aberdeen meeting, we would say 
that they ought, iu the geological section, to prepare for 
one excursion to Stonehaven, on the eastern coast, and 
'another to Cromarty and Eathie, the scenes of Hugh Mil- 
ler's laboi-s, on the noith. 

In Stonehaven bay, and arising oat of the harbor, may 
he seen large dykes of trap ascending the cliff and ovei- 
apreading the sandstone strata hkc the branches of a palm 
■tree, and thence overflowing towards the very curious 
quartzoae conglomerate at Dunnottar Castle. On the other 
Sor northem horn of the bay, irruptive or felspar rocks jut 
inp in great masses and promontories, shifting and disturb- 
ing the sandstone strata ; and immediately beyond, these 
latter give place to hard crystalline and vertical strata, aid 
35' 
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to wUch the Association will have to decide whether they 
are altered Silurian or true primitive rocks. 

At Cromarty, the local authorities, we think, should 
prepare for a visit from a large body of savans (which our 
railway and steamers will render easy), by exploring some 
new sections of the rocks on which Hugh Miller used to 
Work. Many of these, it is well known, are below high- 
water mark, and are thus often covered by the sea ; while 
almost all the nodules containing fossil-fish have been ex- 
tracted and carried away. Some excavations in the strike 
or line of the same rocks should be made inland, the gravel 
and boulder-clay should be removed, a few layers of the 
sandstone underneath loosened, and a few broad sheets of 
the rock exposed in situ, and so left for the further exam- 
ination of visitors, without the natural dip or contents of 
the beds being at all interfered with. 

EXTRACT PROM "FOOTPRINTS OF THE CREATOR," P. 199. 

In my little work on the " Old Red Sandstone," I have 
referred to an apparent lignite of the Lower Old Red of 
Cromarty, which presented, when viewed by the micro- 
scope, marks of the internal fibre. The surface, when 
under the glass, resembled, I said, a bundle of horse-hairs 
lying stretched in parallel lines ; and in this specimen alone, 
it was added, had I found aught in the Lower Old Red 
Sandstone approaching to proof of the existence of dry 
land. About four years ago, I had this lignite put strin- 
gently to the question by Mr. Sanderson ; and deeply inter- 
esting was the result. I must first mention, however, that 
there cannot rest the shadow of a doubt regarding the 
place of the organism in the geologic scale. It is unequiv- 
ocally a fossil of the Lower Old Red Sandstone. I found 



it partially imbeilLliicI, with many other nodules half-disin- 
teiretl by the sea, in im iehtliyoHtic deposit, a few hondred 
yards to the east of the town of Cromai'ty, which oeours 
more than four hundred feet over the Great Congiomerate 
base of the system. A nodule that lay immediately besida 
it contained a well-preserved specimen of the Coccosteua 
decipiena/ and in the nodule in which the lignite itself ia 
contained the practised cyo may detect a scattered gronp 
of scales of Hiplacanthus, a scarce less characteristic 
organism of the lower formation. And what, asks the 
reader, is the character of this ancient vegetable, — the 
most ancient, by three whole formations, that has presented 
ita internal structure to the microscope ? Is it as low in 
the scale of development as in the geological scale? Does 
this venerable Adam of the forest appear, like the Adam 
of the infidel, as a squalid, iJl-formed savage, with a rugged 
shaggy nature which it would require the suggestive necea- 
sitiea of many ages painfully to lick into civilization? Or 
does it appear rather like the Adam of the poet and the 
theologian, independent, in its inBtantaneously-derived per- 
fection, of all after developments, — 

" Ailam, the goodliest man or men sinco bom 
His Bona?" 

Ib this ttsBQO vascular or cellular, or, like that of some of 
the cryptogamia, intermediate ? Or what, in fine, is the 
nature and bearing of its mute but emphatic testimony 
on that doctrine of progressive development ' of lata so 
strangely resuscitated? 

In the first place, then, this ancient fossil is a true wood, 

1 This alluiiea, of oourse, to the decdapmenl theory of the " Tesliges of 
wHMnml History of Creation." 
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— a dicotyledonous or polycotyledonous Gymnosperm^ 
that, like the pines and larches of our existing forests, bore 
naked seeds, which, in their state of germination, developed 
either double lobes to shelter the embryo within, or shot 
out a fringe of verticillate spikes, which performed the 
same protective functions, and that, as it increased in bulk 
year after year, received its accessions of growth in outside 
layers. In the transverse section the cells bear the reticu- 
lated appearance which distinguish the coniferas ; the lig- 
nite had been exposed in its bed to a considerable degree 
of pressure ; and so the openings somewhat resemble the 
meshes of a net that has been drawn a little awry ; but no 
general obliteration of their original character has taken 
place, save in minute patches, where they have been injured 
by compression or the bituminizing process. All the tubes 
indicated by the openings are, as in recent coniferae, of 
nearly the same size ; and though, as in many of the more 
ancient lignites, there are no indications of annual rings, 
the direction of the medullary rays is distinctly traceable. 
The longitudinal sections are rather less distinct than the 
transverse one : in the section parallel to the radius of the 
stem or bole the circular disks of the coniferae were at first 
not at all detected ; and, as since shown by a very fine 
microscope, they appear simply as double and triple lines 
of undefined dots, that somewhat resemble the stippled 
markings of the miniature painter ; nor are the openings 
of the medullary rays frequent in the tangental section [i, e, 
that parallel to the bark) ; but nothing can be better de- 
fined than the peculiar arrangement of the woody fibre, 
and the longitudinal form of the cells. Such is the char- 
acter of this the most ancient of lignites yet found that 
yields to the microicope the peculiarities of its original 



'4^ OfiOlOGIST'a PORTFOLIO. 

Structure. "We find in it an unfallen AJain— not a lialf- 
deveiopcd savage.' 

The olive-loaf which the dove bronght to Noah estab- 
lishcd at least three importaut facts, aud indicated a few 
more. It showed most conclusively that there was dry 
land, that there were olive-trees, and that the chmate of 
ui-rouuding region, whatever change it may liave un- 
dergone, was still iavorablc to the development of vegeta- 
ible life. And, farther, it might be safely inferred from it, 
"that if olive-ti-ees had snrvivcd, other trees and plants must 
tave sni-vived also ; and that the dark muddy prominences 
round which the ebbiog currents were fast sweeping to 
lower levels would soon present, as in antediluvian times, 
their coverings of cheeriul green. The olive-leaf spoke 

snrh [mportftnco I flnd It necessary to Blrengthen my 

teatlmoD}' by auxiUarj' eyidcnce. Tho rolloning la ths Jiid)i;mGnt, on this 

petrifaction, of Mr. Ni™!, of EtlinburBh, — confesBedly oneof our 

living auttiorities In tlint dlviRioa of fossil botany wMch tskei 

ince of the Interna! Htractare of ligniwa. Had decides, from thetr 

BDBtomy, their raco and family: 

" Edinbargh, 19lh JalyTSa. 

DBAS StR, — I bnre exsmlned the etrDctnre of tbe fossll-nood vhlch yon 

Dd In the Old Red Sand^tooc at Cromnrtr, nod haro no heBltnllon In Btntlng, 

Uitt tbe reticnliiled texture of [lin tmuBierae seMjoas, tboogb Bomewbu CDin- 

lesrly iudicBlea a conif^raus origin) but sa 1h«re la uot Ibe ellgbteat 

diu (0 be Been id (he lougltadlnid sectJons pvallcl to tlie mcdalhiry 

nyi, it is ImposBiblc to say whether it belongs to Uie pine or arnDCBrlin dlTliiioii. 

■ID, Dta. WlLLIiU Kicoi.." 

It wUI be seen that Mr. Nicol tailed to detect wbat I now deem (be discs 
of Ihia conlfvr, — lliciso stippled markings to which Ihave referred. But 
this portion of (he evidence wholly wanldng, wo woolil be left 
ill doubt, in consequence, not whether the Old Red lignite formed part of 
tmo (nymnosparmouB tree, but whether that tree Is now represented by 
<he pines of Europe and America, or by tho araucarians of Chili and New 
Zealand. Were t (a risk an opinion in a dopnrtmenC oot particularly my 
irorlnce, it would be In favor of an araucatlau relationship. 
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not of merely a partial, but of a general vegetation. Now, 
the coniferous lignite of the Lower Old Red Sandstone we 
find charged, like the olive-leaf, with a various and sing- 
ularly interesting evidence. It is something to know, that 
in the times of the Coccosteus and Asterolepis there existed 
dry land, and that that land wore, as at after periods, its 
soft, gay mantle of green. It is something also to know, 
that the verdant tint was not owing to a profuse develop- 
ment of mere immaturities of the vegetable kingdom, — 
crisp, slow-growing lichens, or watery spore-propagated 
fungi, that shoot up to their full size in a night, — nor even 
to an abundance of the more highly organized families of 
the liverworts and the mosses. These may have abounded 
then, as now ; though we have not a shadow of evidence 
that they did. But while we have no proof whatever of 
their existence, we have conclusive proof that there existed 
orders and families of a rank far above them. On the dry 
land of the Lower Old Red Sandstone, on which, according 
to the theory of Adolphc Brogniart, nothing higher than a 
lichen or a moss could have been expected, the ship-car- 
penter might have hopefully taken axe in hand to explore 
the woods for some such stately pine as the one described 
by Milton, — 



Hewn on Norwegian hills, to be the mast 
Of some great admiral." 



SIR RODERICK MURCHISON 



ON THE 



RECENT GEOLOGICAL DISCOVERIES IN MORAYSHIRE. 



At a meeting of the Geological Society of London, held 
on the 15th December 1858, Part III. of a paper by Sir 
Roderick Murcliison, on " the Geological Structure of the 
North of Scotland," was read. 

Referring to his previous memoir for an account of the 
triple division of the Old Red Sandstone of Caithness and 
the Orkney Islands, Sir Roderick showed how the chief 
member of the group in those tracts diminished in its 
range southwards into Ross-shire, and how, when traceable 
through Inverness and Nairn, it was scarcely to be recog- 
nized in Morayshire, but reappeared, with its characteristic 
ichthyolites, in Banffshire (Dipple, Tynet, and Gamrie). 
He then prefaced his description of the ascending order of 
the strata belonging to this group in Morayshire by a 
sketch of the successive labors of geologists in that dis- 
trict; pointing out how, in 1828, the sandstones and corn- 
stones of this tract had been shown by Professor Sedgwick 
and himself to constitute, together with the inferior Red 
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Snuflstone and conglomerate, one natnrnl geological asse 
blagc ; that in 1830 the late Dr. Malcolmson made tbe U 
poitaot additional discovery of fossil fishes, in conjuncttot 
with Lady Gordon Cumming; and also read a valtinW 
memoir on the structure of the tract, before the Geolc^ 
ical Society, of which, to Lis, the anthoi^'a, regret, as al 
stract only had been published. — {Proc. Geol. Soe. Tol. ii 
p. 141.) Sir Roderick revisited the district in the antum 
of 1840, and made sections in the environs of Forrea a 
Elgin. Subsequently, Mr. P. Duff of Elgin ]iublished 
" Sketch of the Geology of Moray," with illustrative plafa 
of fossil-fishes, sections, and a geological map, by Mr. 3 
Martin; and afterwards Mr. Alexander Robertson threl 
much light upon the stnicture of the district, particularl 
as regarded deposits younger than those under constdert 
tion. All these writers, as well as Sedgwick and himeel 
had grouped the yellow and whitish-yellow sandstones (( 
Elgin with the Old Red Sandstone; but the discovery i 
them of the curious small reptile the Tderpeton j 
ense, described by Mantell in 1851 from a specimen in ii 
P. Duff's collection, first occasioned doubts to arise respet 
ing the age of the deposit. Still, the sections by Capta 
Brickenden, who sent that reptile up to London, prove 
that it had been found in a sandstone which dipped undl 
"Comstone," and which passed downwards into the OI 
Red series. Captain Brickenden also sent to London i 
ural impressions of the footr-prints of an apparently r 
tilian animal in a slab of similar sandstone, from the cos 
ridge extending from Burghead to Lossiemouth (Can 
mingston). Although adhering to his original view n 
specting the age of the sandstones, Sir R. MurchlaoD eonl 
not help having misgivings and doubts, in common wid 
many geologists, on account of the high grade of r 



to which the Telerpeton belonged ; and hence he revisited 
the tract, examining the critical points, in company wiih 
his fi'iend the Rev. G. Gordon, to whose zealous labora he 
owned himself to bf greatly indebted. In looking through 
the collections in the pnblic Muaeum of Elgin, and of Mr. 
P. Dufl^ he was much stnick with the appearance of sev- 
eral undoscribed fossils, apparently belonging to reptiles, 
which, by the liberality of their possessors, were, at hia 
request, sent up for inspection to the Mnsenm of Practical 
Geolog}'. He was also much astonished at tlio state of 

I preservation of a lai^ bone (ischium) apparently belong- 
ing to a reptile, found by Mr. Martin in the sanae sand- 

I. Btone quarries of Lossiemouth in which the scales or scutes 
of the Stagonolepis, described as belonging to a fish by 
laiz, had been found. On visiting these quarries, Mr. 
Gr. Gordon and himself fortunately discovered other bones 
of tbe same animal; and these, having been compared 
■with the remains in the Elgin collections, li-ive enabled 
Professor Huxley to decide that, with the exception of (he 
Telerpeton, all these casts, scales, and bones belong to the 
Wptile Staffonolepis Hobertsoni. Sir Roderick, having 
jrisited the quarries in the coast-ridge, from which slabs 
^ith impressions of reptilian foot-marks had long been 
pbtained, induced Mr. G. Gordon to transmit a variety of 
iheae, which are now in the Museum of Practical Geology, 
and of which some were exhibited at tbe meeting- 
After i-evicwing the whole succession of sti'ata, from the 
J of the crj'Stalline rocks in the interior to the bold 
^i& on the sea-coast, the author has satislied himself that 
^e reptile-bearing sandstones must be considci-ed to form 
ie uppermost portion of the Old Red Sandstone, or Dev- 
DDtan group, the following being among the chief reasons 
r Mb adherence to this view : — 1. That these Gandstones 
3G 
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have everywhere the same strike and dip as the inferior 
red sandstones containing Iloloptychii and other Old Red 
ichthyolites, there being a perfect conformity between the 
two rocks, and a gradual passage from the one into the 
other. 2. That the yellow and light colors of the upper 
band are seen in natural sections to occur and alternate 
with red and green sandstones, marls, and conglomerates 
low down in the ichthyolitic series. 3. That while the 
concretionary limestones called " Cornstones " are seen 
amidst some of the lowest red and green conglomerates, 
they reappear in a younger and broader zone at Elgin, 
and reoccur above the Telerpeton-stone at Spynie Hill, 
and above the Stagonolepis-sandstone of Lossiemouth; 
thus binding the whole into one natural physical group. 
4. That whilst the small patches of so-called "Wealden" 
or Oolitic strata, described by Mr. Robertson and others, 
occuring in this district, are wholly unconformable to, and 
rest upon, the eroded surfaces of all the rocks under con- 
sideration, so it was shown that none of the Oolitic or 
Liassic rocks of the opposite side of the Moray Frith, or 
those of Brora, Dunrobin, Eathie, etc., which are charged 
with Oolitic and Liassic remains, resemble the reptiliferous 
sandstones and " Cornstones" of Elgin, or their repetitions 
in the coast-ridge that extends from Burghead to Lossie- 
mouth. Fully aware of the great difficulty of determin' 
ing the exact houndary-line hetioeen the Uppermost Devo- 
nian and Lowest Carboniferous strata^ and knowing that 
they p)o.ss into each other in inany countries^ the author 
stated that no one coidd dogmatically assert that the rep- 
tile-hearing sandstones might not^ hy future researches^ he 
2)roved to form the commencement of the younger era. 

Sir Roderick concluded by stating that the conversion 
of the Stagonolepis into a reptile of high organization, 
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though of nondescript characters, did not interfeee 

WITH HIS LONG-CHERISHED OPINION FOUNDED ON AC- 
KNOWLEDGED FACTS — AS TO THE PROGRESSIVE SUCCES- 
SION OP GREAT CLASSES OF ANIMALS, a7id tha% inasmuch 
as the earliest trUohite of the invertebrate Lower Silurian 
era was as wonderfully organized as any liviiig Crusta- 
cean^ so it did not unsettle his belief to find that the earli- 
est reptiles yet recognized^ — the Stagonolepis and Tderpe- 
ton^ — pertained to a high order of that class. 

At the same meeting, papers were read " On the Stago- 
nolepis Mobertsoni of the Elgin Sandstones, and on the 
Footmarks in the Sandstones of Cummingston," by Mr. T. 
H. Huxley ; as well as one ** On Fossil Foot-prints in the 
Old Red Sandstones at Cummingston," by S. H. Beckles, 
Esq. 



THE END. 
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